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NOTE OF TRANSMITTAL. 


To the Governor—Vhe board herewith submits a history of its opera- 
tions for the biennial period from November, 1894, to November 30, 1897. 
Herein will be found a statement covering in detail all the work of prop- 
agation and distribution of food and game fish, the improvements made 
at stations already established, and the new work carried.forward during 
{lie time covered by the report, and the proposed new work. 

HERSCHEL WHITAKER, 
Horacrs W. DAvIs, 
FREEMAN B. DICKERSON, 


State Board of Fish Commissioners. 


“A certain man had a goose which laid him a golden egg every day. But not con- 
tented with this, which rather increased than abated his avarice, he was resolved to 
kill the goose and cut up her belly, that so he might come at the inexhaustible 
treasure which he fancied she had within her. He did so; and, to his great sorrow 
and disappointment, found nothing.” 


“They who are of such craving, impatient tempers that they cannot live contented 
when fortune has blessed them with a constant and continuous sufficiency, deserve 
to be deprived of what they have. And this has been the case of many ambitious 
and covetous men, who, by making an essay to grow very rich at once, have missed 
what they aimed at, and lost what they had before.”—A/sop’s Fables. 


REPORT OF THE STATE BOARD OF FISH COM- 
MISSIONERS FOR 1895-1896, 


The board, during the period covered by this report, has been engaged 
in carrying forward the work heretofore established, of the artificial 
hatching and distribution of fish for the great lakes and inland waters 
of the State. The stocking of our inland streams with brook trout hais 
been carried on to the full limit of our capacity. The results of this 
work, as heretofore, are full of the greatest encouragement. What has 
been said regarding the success of this work in former reports has been 
emphasized by our subsequent experience. 

A better object lesson of the success of the artificial propagation and 
planting of brook trout is not presented anywhere in any country than 
in Michigan. 

Douglas Houghton, the eminent scientist, and the surveyor of a great 
part of the wild lands of this State, said of the streams of the lower 
peninsula, based on personal observation and examination, that they 
contained no brook trout. Mr. Bela Hubbard, an associate and com- 
panion of Houghton, in his Memorials of a Half Century, makes the same 
statement, and they are corroborated by the early settlers, woodsmen 
and sportsmen. 

Although the commission was organized twenty-four years ago, the 
first few years of its existence were given to the gaining of a knowledge 
of the subject of fish culture, and the marshalling of means with which to 
prosecute the work. Practically the work of planting our streams with 
brook trout did not begin until 1879. Since that time our facilities have 
been gradually enlarged, and the work has gone forward, steadily 
increasing. Now the streams of every county in the State but three, 
whose waters are not suited to this fish, furnish excellent trout fish- 
ing. The streams of some of our river basins, like the Pere Marquette 
and the Au Sable, furnish trout fishing not to be excelled in this country. 
In both of these streams and their tributaries may be caught brook 
trout, rainbow trout and grayling. 

While it may be said the trout is a game fish, it must not be forgotten 
that they are also a source of profit to the State. Passing over the fact 
that the residents of the sections in which these streams are found derive 
from these sources fish for their own consumption, we come to the 
more significant value they have for the State, in bringing there ‘the 
residents of other states, who leave a substantial evidence of their 
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presence in the money paid to railroads and liverymen for transportation, 
and to hetels and tradesmen for board and necessaries. The money the 
State expends in the planting of brook trout is thus returned many times 
over and is a paying investment in every sense. 

While this work is all necessary and falls within the province of our 
duty, it is of but slight significance compared with the greater work 
to which we have devoted our energies, the building up of our great com- 
mercial fisheries. We have now reached the point where the output 
from our fish hatcheries places our work of planting of commercial 
fish among the most effective in the country. 

Our experience in artificial propagation and our knowledge of its past 
successes, confirm us in the opinion that this great work can be swecess- 
fully carried on to a renewal of the wasted fisheries, if we can bring to 
our aid in this effort intelligent legislation, limiting commercial fishing 
operations to the capture of mature, adult fish only. ° 

The object of fish culture, of fishing operations and of protective legis- 
lation, in the hands of men who consider the necessity of the preservation 
of the fisheries should be to follow a policy that will permit the 
catching and marketing of merchantable fish, and the supervision of net- 
ting, and to stop the capture of fish too young and immature to spawn 
and having but small market value. 

To proceed on any other line than this ‘means an ultimate destruction 
of our commercial fisheries, the elimination of fish as one of our common 
articles of food, the destruction of the fisherman’s industry, from which 
he gains his livelihood, and makes wholly useless the efforts of the State 
is making to preserve the fisheries by planting. The fisherman should 

take counsel from his experience, and act in accordance with the 
conclusions that naturally follow. 

The history of commercial fishing in the Brent lakes for the past 
twenty-five years is the history of an abuse. The people of the 
State are more deeply interested in the preservation of the great lake 
fisheries than the person who draws from them the product that gives 
him his daily bread. The people own the fisheries, and the public right 
to their maintenance is above that of the fishermen as a class. Al acts 
exercised by the fisherman in following ‘his business are subordinate 
to the public’s right to have the fisheries maintained. He enjoys a 
privilege and not a “right in netting in the public waters, and he must so — 
conduct his operations that he will not endanger the right of the public 
to have the fisheries preserved for the future. 

The urgent necessity for steps to prevent the further wasting away 
of the great lake fisheries first challenged public attention in this State 
about twenty-four years ago, when the inroads upon the parent stock 
had become manifest. At that time modern fish culture was in its 
infancy, but the experience of those interested in the artificial propaga- 
tion of fish showed that its possibilities were great. 

The State of Michigan, at this juncture, recognizing: the importance 
of these discoveries, and the promise it gave for a renewal of her fisheries, 
organized a Commission of Fisheries, investing it with power and author- 
ity to artificially hatch and distribute in the public waters of the State, 
the choice commercial varieties of fish that had so long made’ these 
waters famous. Money was appropriated as needed and the work has 
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been since carried on in the public interest, and not for the benefit of 
any class or industry. 

It was belieyed—and there was warrant for that belief under fishing 
operationg as then conducted—that artificial propagation alone would 
ultimately bring back the productiveness of the fisheries. But at that 
time, and for several years following, the output of the hatcheries was 
comparatively insignificent. Time was needed to develop the new 
industry and the increase of hatching operations was naturally slow. 

At the outset, the task of a restoration of the fisheries after sixty 
years of depletion confronted the board. This had to be made good in 
the face of yearly increasing waste, caused by the increase in the number 
of fishermen’s boats and nets. 

Custom had sanctioned the taking and marketing of all fish the nets 
would take. In the east, west, and south the demand for whitefish and 
lake trout was increasing. 

The fisherman’s business became a lucrative one, large sums of money 
were made in a single season’s operations, and the result was the natural 
one, the enlistment of more capital and men in the business and a large 
increase in the number of devices of capture. 

As a result, the shoals and reefs of the entire lake system were 
covered with the nets of the fishermen during the spawning season, and 
the catch grew to be enormous. Fish became a drug on the market, and 
those that could not be marketed fresh were salted and sold at much 
lower figures than when fresh. The ease of capture and the large quan- 
tities taken made it a profitable business considering the money invested. 
At this time fishing was prosecuted with small sailboats and gill nets. 

In 1850, or perhaps a little earlier, that most killing of all netting 
devices, the pound net, was first introduced into our waters. This 
method of fishing greatly increased the catch and still larger profits 
were derived from the fisheries. 

About the year 1868 came the invention of the modern freezer, in 
which fish might be kept in a frozen condition, ready to be marketed as 
fresh fish during the seasons of the year when the markets were not over- 
stocked with fish freshly caught, ‘thus affording a new and lucrative 
opportunity for the investment of means in fishing. 

With no limitation whatever laid on season or device for capture, fish 
were taken whenever and wherever they could be found. Schools of fish 
were pursued for miles by the gill netters; the spawning reefs were 
covered with nets during November and December when the fish came on 
to spawn, and countless numbers of milting males and females, ready to 
Spawn, were taken heavy with ova and milt and killed before performing 
the act that would add to the stock with which the lakes were to be 
renewed. 

As time went on the ‘havoc began to manifest itself. Localities that 
once produced large quantities of fish began to decline in yield, and 
finally became unproductive. The constant pursuit of the fisheries 
naturally resulted in the extermination in a great measure of the large 
and merchantable fish. But the fishermen had invested large sums of 
money in the enterprise and the diminution of the catch to the point 
where it ceased to pay and where losses of investment threatened, led : 
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them to change their methods of capture, to still make the business 


profitable. 
Then came the first step in the contraction of the meshes of the 


nets for the capture of small fish. Up to this time nets with,meshes of 
five and six inches in extension had served all purposes, and took nothing 


but large fish, and this diminution of size of mesh has contributed in a 


large measure to the present unprofitable condition of many of our 


fisheries, and threatens their absolute extinction. 
A single illustration iof this diminution of size of mesh and its oradual 


progress was brought to our attention during the past summer, by one 


who has long been familiar with the lake fisheries, and is a fair example 
of the ‘history of the gradual diminishing size of the meshes of the nets 
in the great lake s system in the past few years. 

The locality referred to is the east shore of Lake Michigan, but it 
can be said that what is true in this respect of this locality applies with 
equal force to our entire lake coast. The information here given was 
derived from a. reliable source and can be authenticated beyond a doubt. 

The meshes had been contracted considerably before the year 1870. 
In 1870 the size of mesh of gill nets fished on that shore was 4+ iniches, 
and down to the past season has been ch Gi d in this ratio, from 4+ 
to ig inches, 4, 3%, 34, 384, 34, 3, 26, 22, 22, 24, 22, and now the size of mesh 
is 2+ inches. 

It is not penne understood what is meant in speaking of the size 
of meshes of nets. The measurement of all meshes means the length of 
mesh when it is stretched to its utmost extension. The same mesh, when 
opened, as used in fishing, is very much smaller than is generally thought. 
The idea commonly accepted is that size as applied to a mesh means the 
size of the opening as fished, but this is not the fact. A three inch mesh 
does not mean a net that has a three inch opening. . 

Herewith are given a number of illustrations, showing the sizes of 
meshes of nets, beginning with a six inch mesh, closed, as they are usually 


ineasured, and meaning its entire length when SiO closed. Following this. 


will be found the same mesh shown opened as fished, and other ede 
tions showing different sizes of meshes: : 


*A. Six-inch pound net mesh, as measured, and the same as used in 


fishing. 
“B. Five-inch pound net mesh, as measured, and the same as used in 
fishing. 


C. Four and one- quarter- inch eill net mesh, aS measured, and the 
same as used in, fishing. 

D. Three and one-half-inch ‘pound net mesh, as measured, and the 
same as used in fishing. 


f£. Two and three-quarter- inch gill net mesh, as measured, and the 


Same as used in fishing. 
F. Two and one-half-inch gill net mesh, as measured, and the 
Same as used in fishing. 


G. Two and one-quarter-inch pound net mesh, as measured, anid ce 


same as used in fishing. 


H. 'Two-inch pound net mesh, as measured, and the same as used in. 


fishing. me 


* Neither of these sizes are now much used. 
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Commencing with the middle or latter part of October, the 
gravid females and milting males of the whitefish and salmon trout, 
with unerring instinct turn from the summer feeding grounds, to the 
shoaler water where gravelly reef or rocky bottom offer tempting places 
of resort for the performance of the reproductive act. To these places 
they swarm in large numbers and remain engaged in spawning until as 
late as the 10th of December, in certain localities, although the month 
of November covers the principal spawning period of the whitefish, and 
the last half of October and the month of November the spawning season 
of the salmon trout. These spawning reefs are known not only to the fish, 
but also to the fishermen, who there meet them with every device of cap- 
ture. Comparatively few fish are able to reach the spawning beds unmo- 
lested by nets, and the most profitable season of the vear is then realized 
by the fishermen. 

Wien the ice and storms of winter make fishing impossible or uncer- 
tain, fishing is abandoned, and January and February and a part of 
March may be said to be the only season of the year when fishermen and 
nets are idle and the fish are not pursued and taken, although in Lake 
Michigan and Saginaw Bay it is pursued almost continuously. 

It must be borne in mind that the destruction of the fisheries ts but in 
small measure represented by the number of parent fish thus taken upon 
the spawning beds. A great menace to the fisheries is the destruction of 
the immense quantities of ova that are lost by killing the fish before 
spawning, which, if left unmolested during the month of November would 
contribute largely to the increase of their species. 

As soon as the spring season permits, the active operations of fishing 
are again begun. The pound nets are set and the gill nets begin their 
work. 

The pound net is a trap device, in which the fish are preserved alive 
when taken, and it therein differs from the gill net, in which the fish are 
usually killed. 

The pound net is set approximately at right angles with the shore and 
consists of the “lead,” which is the fishing part of the device, the ‘“‘heart” 
and the “pocket” or “pound: e 

In operation this device presents the following appearance: 

In principle the net operates after this manner: The fish in passing up 
and down the shore are suddenly confronted by the “lead” of the net, 
which is usually of large mesh, presenting a bar ito their progress, and 
serving simply to turn them from their course. When thus turned, they 
seek the deeper water and not the shore or shallower end of the lead; 
thence they work along the lead until they pass into the heart, and from 
thence into the pocket or pound. As before stated, this net is most 
destructive because it takes everything. 

At stated intervals the net is visited, the lines securing the corners 
of the front side of the pound are released from the stakes which. hold 
them, and the front and sides are lifted and carried toward the back of 
the net, and as soon as the net is sufficiently raised, the fish are scooped 
out with a hand net into the boat and the net is re-set. The meshes of 
the pocket, or pound, should be made sufficiently large to allow the 
escape of the small fish. 

Pound nets are usually set in strings, the lead of the second net begin- 
ning at the rear or back of the pound of the first, the lead of the third 
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beginning at the back of the pocket of the second, and so on. In localities 
where shoals are extensive, for instance in Saginaw Bay, and on the north 
shore of Lake Michigan, these nets have been set in strings of as high as 
twenty-five. The average length of leads is from 75 to 80 rods. It will be 
seen that this net is a most formidable engine of destruction. In addition 
it must be understood that these nets, in practice, are set in string’s as 
long as the fisherman chooses and finds profitable, and the strings as 
closely together up and down a shore as his desire may incline him. 

Gill nets are largely used and in this device the fish are caught by 
gilling, 7. e., in attempting to pass through the net the gills of the fish 
become enmeshed in the twine and they soon die. 

As the fish diminished in size by constant fishing, the meshes of the 
nets were ordered made smaller. Legislation should require the meshes of 
the nets to be enlarged, thus permitting the escape of the small and imma- | 
ture fish. 

All fish marketed are classified by the wholesale buyers into three 
grades, and the grades thus established govern the grading of commercial 
fish on the great lakes in this State and are known as the Chicago inspec- 
tion rules. 

These'rules were established soon after the catch of small fish began to 
be important in quantity, and were made to protect the largedealer, not to 
protect the small fish from capture. The presence of any considerable 
quantity of small fish thrown on the market, mixed with larger fish, 
resulted in loss to the buyer, as he was paying only for merchantable 
sized fish, while he was getting, in fact, a large proportion of small ones, 
that, under the demands of the trade, had to be culled. The undersized 
fish are worth but a small price compared with the larger fish. Thus, in 
order to protect himself the wholesaler established this system of inspec- 
tion. Jt did not, nor was it intended to, stop the taking of small fish, but it 
served the commercial end, by separating the large from the small fish, 
which are worth but a bagatelle compared with what their value would 
be if left in the waiter for two more seasons. 

It is a just criticism of such methods to say that a business that ealls 
for any such commercial regulation has fallen into a condition where the 
strong arm of the law should intervene to correct an abuse that is mani- 
fest on its face, or the State must sit supinely by and see her fisheries 
which are a source of wealth and of cheap food to her people, absolutely 
wiped out. 

The following are the Chicago inspection rules: 

“Standard No. 1 whitefish, shall consist of sound whitefish, well 
cleaned, ‘trimmed, with ‘head off, split on the back, free from rust or rag- 
ged, weighing not less than one and one quarter pounds each, not measur- 
ing less than twelve inches, measured from extreme scale on tail to 
extreme scale on neck. 

“Standard No. 2 whitefish, shall consist of sound whitefish, well 
cleaned, trimmed, with head off, split on the back, free from rust or rag- 
ged, weighing not less than three-quarters of a pound each, not measuring 
less than ten inches, measured from extreme scale on tail to extreme seale 
on neck. 

“Standard No. 3 whitefish, shall consist of sound whitefish, well 
cleaned, with head off, split on the back, smooth on the face, free from 
rust or ragged, weighing less than three-quarters of a pound. 
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“Standard No. 1 trout, shall consist of sound fish, weighing not less 
than two pounds, well cleaned, trimmed, with head off, skull bone out, 
split on the back, free from rust or ragged. 

“Standard No. 2 trout, shall consist of sound fish, weighing less than 
two pounds, well cleaned, trimmed, with head off, skull bone out, split on 
the back, free from rust or ragged.” 

Having spoken of the character and varieties of nets that are most 
largely used in the great lake fisheries, we will now proceed to a consid- 
eration of the number and the length of these devices fished in the great 
lakes within the jurisdiction of this State alone, as they are the only ones 
with which we are directly concerned. 

The coast Michigan possesses bordering the lakes is very close 
to 2,000 miles, following the indentations of coast and bays. For a better 
understanding of the application of the fishing devices to the water, it 
may be well to state that the fish under natural conditions are not dis- 
tributed equally in all parts of the lakes. Certain portions of the lakes 
are known to be “feeding grounds,” where the fish are found at certain 
seasons, and they pass from these places during the month of November 
to other places where their spawning grounds are found. 

In considering the number and extent of fishing devices it may be said 
that in practical fishing operations the nets are not spread over the entire 
waters of the lakes, but are grouped in certain localities where the fishing 
grounds exist. With this understanding, a better comprehension may be 
had of the immense destruction that can be wrought with the large num- 
ber of nets now fished in our waters. 

The statistics of the fisheries of this State for the year 1895, carefully 
taken under the direction of this board, show that there were 22,201 gill 
nets fished whose length was 2,380,014 fathoms, or 2,740 statute miles. 

That there were 1,588 pound nets, the length of the leads of the same 
being 226,772 fathoms, or 207 statute miles. 

That there were 636 seines and fyke nets, measuring in length 34,789 
fathoms, or 39 statute miles. 

Making a total length of nets fished in Michigan waters alone 3,036 
statute miles. 

As an object lesson in this connection that will be better understood, 
these nets, if set end to end, would cover our entire lake coast one and a half 
times; or, if stretched from Detroit westward, would reach to San Fran- 
ciSCO ‘and extend into the Pacific five hundred miles. It is a marvel under 
this condition of things that any fish escape. The foregoing facts concern- 
ing the fisheries and methods of fishing show the influences that have 
been at work since the discovery of the Northwest in accomplishing the 
great waste of the parent stock. 

For the last fifteen years repeated attempts have been made by the 
commission to secure a regulation of the fisheries by the enactment of 
laws to prevent the taking of whitefish and trout during the spawning 
Season, and to enlarge the meshes of the nets ‘to permit the 
escape of small fish. All attempts to pass such legislation have thus far 
failed, because of the ability of the fishermen to influence the legislature 
against it. It is another instance of the power of vested capital in a fight 
against public interest when the public itself takes no personal interest 
in the matter. Nothing but the arousing of public spirit in the legislature, 
to the necessity of the preservation of the fisheries, will save them 
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from early destruction. The fishermen are enjoying the benefits’ of 
the bounty of the State in restocking the waters, without cost to them 
In other words, and in plain language, what the fishermen desire 1s to be 
the chief beneficiaries of the fisheries, and their attitude has been one of 
continual opposition to any attempt to prevent a waste and destruction of 
the fisheries. They wish to take everything that comes to their nets 
regardless of the people’ s rights to have good fishing maintained. They 
believe in the principle: * After me the Deluge.” 

There has been an entire change in the methods of the fisheries within 
a few years. There was a time when the fisherman, the man directly imter- 
ested in the catching of fish and in the money to be made from the 
business, was the man most deeply interested in the pursuit. With the 
decay of the fisheries came changed conditions. Times began to be hard 
for the fisherman. He had no money to invest in new twine. Then came 
the man of capital who had money to loan, who was making money in the 
wholesale-way out of the fishing industry. This man never fished for him- 
self. He stay ed ashore. He never endured the hardships of the calling. 
His interest in the fisheries began and ended with the profits that might 
be made by buying and marketing fish. His hands were not roughened by 
exposure. He did not par ticipate i in the personal hazards of the calling of 
the fisherman. Asa rule, he had no personal knowledge of the details of 
the handling of nets, and such information as he possessed was wholly 
theoretical, yet, before committees, whose business led them to investi- 
gate these abuses, his voice has ever been loudest in defense of the “perils 
and hardships of his calling!” although his sufferings were all vicarious. 

He offered to furnish the small fisherman with nets and trust him for 
his pay. Like all offers of the kind, the fisherman found it easier to get 
into debt than to get out, and in fact they seldom are out of debt to the 
men who furnish them with nets and control the price of fish in the only 
market open to him; the steamer of the buyer that visits the fisheries on 
stated days and takes his fish. As the fishing industry on the lakes now 
stands, the substantial profit is gathered from them by the man of large 
means, who is often a non-resident and is thus able to retain the small 
fisherman in a semi-serfdom or vassalage. 

The statistics of the catch of whitefish in Michigan waters in 1895 
shows that there were 3,142,170 pounds of whitefish caught and mark- 
eted; 2,184,170 pounds were No. 1, and 1,008,000 pounds were No. 2 and 
under. Baldly stated, this means that one-quarter of the catch were 
fish classified as No. 2’s and under, which sold for about 2c per pound. 
lf these fish had been permitted to remain in the lakes for another year, 
the increase in value, weight and price considered, would have been one- 
third greater. But the price is of small significance when we think of 
the serious results that follow such senseless methods. No fish should be 
put upon the market except such fish as have a good merchantable value, 
and the young and immature fish should be excluded from the catch. 

The significance of present conditions will be more apparent when it is 
appreciated that a whitefish does not spawn before she has attained a 
weight of at least two pounds, and that the taking and market- 
ing of any female fish under that weight means that there 
has been eliminated from the supply not only a fish that has 
never contributed anything to sustain the stock, but it has resulted in 
placing on the market a fish of little commercial value. One year more 
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and she would have gained largely in weight, and if permitted to pass 
beyond the spawning season, would have added her quota-of embryos 
to the perpetuation of her species. 

Evidence might be multiplied of the wholesale destruction of small 
whitefish and salmon trout in our waters. One or two incidents of recent 
occurrence, however, must suffice. This season, a wholesale fish 
dealer in Detroit received from a Grand Haven firm a. bar- 
rel of small whitefish, about the size. of a pork barrel. 
Notice was given to the commission of the arrival of the shipment, and 
we were invited to inspect and examine them. At a low estimate the bar- 
rel contained between twenty-five hundred and three thousand whitefish. 
The shipper notified the consignee that he could supply him with a like 
quantity and kind every day during the season. The offender with others 
was arrested and their nets found to be under the legal size of mesh, 
although the size prescribed was only 2% inches. Nets to the value of $25,- 
000 were seized in this one locality, and it is a notorious fact that the fish- 
ermen all over the lakes ; are with few exceptions operating with like ille- 

gal nets. 

The plea of these fishermen was an ignorance of the law, although their 
attention was called to the illegal size of the mesh when the nets were 
ordered, and they persisted in ordering them under the statutory size. 
The hollowness of this claim is apparent. 

In considering the question of what is necessary to re-stock the lakes 
with the whitefish, let us look at the great task contr onting the board. 
In the first place, unrestricted fishing operations, as to season or quan- 
tity or size of fish taken, have been carried on uninterruptedly for years. 
The parent stock and its power to sustain itself has been impaired 
by the killing of immature female fish that have never spawned, the 
adult fish have been caught in inmense numbers on their spawning beds 
before casting their ova, and the fish artificially hatched and distributed 
have been caught and marketed before coming to a marketable size. 

To correct this, intelligent laws should be passed and enforced, permit- 
ting the taking of adult fish, and leaving the smaller ones to come to 
maturity. Opportunity should be afforded the gravid fish to spawn unmo- 
lested. If this be done, with the large output of artificially hatched fish 
now being putt in the lakes, we know that the waters of our State will in a 
few years again teem with the whitefish and salmon trout. The food of 
the young and of the adult fish is as plentiful now as it ever ‘hhas been, and 
if by the enactment and enforcement of just laws we throw the 
protection about the fisheries they need, and which the commonest intel- 
ligence must see is necessary for their preservation, we shall have ever 
ready at hand a wholesome food, abundant in quantity, cheap in price, 
that has grown to maturity, without cost or care. 

Objection has always been raised by the opponents of the regulation 
of the fisheries, that we should secure co-operation from adjoining states 
and secure a uniformity of statute in all. The fallacy of this argument, so 
far as our own fisheries are concerned, is apparent. But if we admit that 
as the argument, would it not be an equally bad policy for the State to 
attempt to stamp out epidemic diseases, unless adjoining states would 
agree to take similar action? Facts show that Michigan has more value in 
her fisheries than any other adjoining state,and under such conditions the 
first duty of the State is to attend to its own material interests. It is no 
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argument to say that because another state is willing to see its valuable 
fisheries carelessly wasted, that policy is good for Michigan. 

The nonsense of this argument is also apparent, when we consider that 
the country lying opposite our border, having an extent of territory on 
the Great Lakes far exceeding that of our own and adjoining states, long 
since awakened to the necessity of conserving her fisheries. Without tak- 
ing advice from her neighbors or awaiting their action she went sturdily, 
forcefully and promptly to work to enact regulations which ‘have resulted 
in preserving her waters to a point where her fisheries are more profit- 
able than our own. We refer to the Dominion of Canada, whose fisheries 
have been watched over and cared for by men keenly alive to their impor- 
tance and the necessity for their preservation. Her territory is opposed 
to our own on our entire eastern coast and to the greater part of our 
Lake Superior coast. 

The extent of our coast adjoining Ohio is small, but that state has 
passed more laws for the protection of her fisheries than our own and so 
has Minnesota. Wisconsin has but a small amount of border compared 
with ours and her fisheries are insignificent in extent or value with 
Michigan’s. 

Illinois has ceased to be a fish producing state. So has Indiana, which 
has but a fragment of frontage on the great lakes. Both of these states 
have permitted their fisheries to be destroyed without an effort to prevent 
it. So there can be no expectation they will take action in this regard. 

Canada protects her fish by the imposition of a close season for all the 
lakes, of the month of November, which is the great spawning month of 
the whitefish and salmon trout. She also prescribes the number of pounds 
that may be set in a string, the number of strings in a locality, the size of 
the mesh, tthe distance nets shall be set from shore, and the manner in 
which they may be set in channels. She also imposes a license upon nets 
and boats, and in other respects exercises a complete control over an 
industry she appreciates to be of great material value. 

A glance at the map herewith submitted will show that if there were 
anything in the argument, that we should wait on our neighbor, we need 
no longer wait, for our greatest neighbor and the one most interested in 
the fisheries long ago took the necessary steps to protect herself. 

Canada, next to Michigan, is the largest breeder and planter of commer- 
cial fish in the lakes, so whatever advantage she may derive from our 
work is, in a large measure, realized by us from her enterprise in this 
respect. 

Given an equal area of land and water, the area of water can be made 
to produce the larger quantity of food. And so far as the effort of man is 
concerned in the production of these areas, the advantage is largely in 
favor of the water. 

Man fertilizes the soil, prepares it for the seed, sows his crop, tills and 
watches it almost continuously until the harvest. Man sows his seed in 
the waters, but he neither tills nor watches the sowing. The food upen 
which young fish live and thrive is ever present and ready for their wants. 
It is there without man’s intervention or aid. When the harvest is gath- 
ered the sower finds a rich reward that has cost him comparatively little 
expenditure of money, care or attention. 
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The State has taken pains to surround the game fish, like the brook 
trout, the game birds, and the game quadrupeds of this State with the 
most rigid laws protecting them from interference during their period 
of reproduction, and for a sufficient time thereafter to protect the young 
until they can care for themselves; vet the State has not invested a single 
dollar in the propagation of any of these, except the brook trout, neither 
does it derive any substantial return from their capture. Stringent laws 
have been passed and are rigidly enforced to protect the peach orchards 
of the State from the scourge known as the “yellows.” Such laws are just, 
and have been adopted and are rigorously enforced in the interest of the 
public good; but the great commercial fisheries of the State that yield 
a million of dollars yearly at the wholesale price, are  con- 
stantly subjected to the most destructive methods of fishing, with the 
certain prospect that in a short time they will become absolutely extinct. 
If there is any one thing in the State that deserves protection, it is the 
commercial fisheries. It is not only a matter of the greatest concern to 
our present population, but it is of vital interest to those who are to come 
after us. 

The duties laid upon the State Board of Fish Commissioners require 
them to submit a report to the Governor of the conduct of their work, 
and further requires them to submit suggestions from time to time as to 
the needs of the fisheries. In pursuance of this duty we have frequently 
suggested such reforms as seemed to us necessary and proper, and have 
asked for action thereon. We have no interest beyond that which con- 
cerns the public; and although such proposed measures may be defeated, 
our plain duty and our inclination, when possessed of all the facts, urge 
us to again bring this matter to your attention. 

We recoinmend that at the coming session of the legislature a bill be , 
passed authorizing the imposition of a license fee upon all nets ‘which may 
be hereafter fished in the great lakes and their connecting waters in 
Michigan, and that the fund obtained from such licenses shall be turned 
in to the credit of the State Board of Fish Commissioners, to be used in 
the propagation of fish for stocking the waters of the State. 

The state of New York has a law now in force similar to this, licensing 
the use of the oyster beds within the state jurisdiction. The Dominion of 
Canada has for years imposed a license on nets and boats engaged in the 
fisheries, and the states of Ohio and Minnesota have imposed license 
fees on the fishermen. The wholesale commercial fish business carried on 
in this State is to a certain extent in the hands of individuals and corpora- 
tions living outside of the State, who come into our waters and enjoy the 
privilege of fishing here in common with our citizens, and it seems but 
just that they should contribute in this way to the support of the work of 
artificial propagation. . 

The work of the board has been chiefly directed to the propagation of 
the fish that are indigenous to our waters, and the propagation of such 
fish is more likely to be successful than to attempt the introduction of 
foreign species. 

A surer result is obtained in fish culture where natural conditions are 
regarded in planting, by putting into our lakes and streams such fish as 
are naturally found in them. The conditions of an abundant supply of fish 
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food for the fish so planted and of the right kind, is more likely to be 
found, and success is more certain than in attempts to introduce new 

varieties into strange and new surroundings, where fish food conditions 
are unknown. 

During the past twenty-five years many attempts have been made by 
commissions and individual fish culturists to introduce new species of fish 
into the waters of this country. Many of these attempts have been fail- 
ures. It may be and probably is the fact that too much of the work has 
been done without thorough preliminary inquiry having been made as 
to conditions of fish food in the waters where they have been intro- 
duced, the life history of the fish itself, and other things, which, if known, 
might have saved useless expenditure of time and means, and chance of 
failure. 

Our experience with our own waters has shown, however, that the 
much abused and despised carp has come to stay, whether welcome or 
not. Much of the criticism devoted to this fish has grown out of a lack of 
knowledge on the part of the general public as to his status as a food fish, 
and an increasing prejudice among those who think that every new fish 
must be possessed of the gaminess of the brook trout or bass, coupled 
with the edible qualities of our best fresh water fish. A fish may possess 
none of these game qualities and yet be of much economic value, and such 
a fish in our estimation is the carp. He is a foreigner, but never has a 
foreigner more readily adapted himself to his new environment than the 
cal’p. 

It is a vegetarian in habit, and in foraging for the roots of aquatic 
vegetation he stirs up the mud of the waiter he inhabits, and the mistaken 
idea has gone abroad that he is a scavenger and uncleanly in habit. 
Nothing could be farther from the truth. With greater propriety might 
this criticism be applied to the hog, whose habit as to uncleanliness is 
proverbial, and yet pork is one of iour chief articles of daily diet in some 
form or another. ? 

In Europe for centuries the carp has been highly esteemed and was 
regarded as the food of kings, and great pains were taken in their 
breeding and care. Today it is highly thought of in Germany, and when 
it becomes better known in America, it will be more highly valued. 

The carp is forceful enough to make head however against unreasoning 
prejudice. His flesh is coarse, but outranks the flesh of the coarser 
varieties of our native fish, like the pike, sucker, red horse, moon-eyes, 
etc., of which large quantities are annually consumed. . 

Figures tabulated from the New York market reports extending over a 
number of months show its selling price to average about six cents per 
pound. It is also true that it fetches a good price in the Philadelphia and 
Washington markets. An inquiry made last year by this board among 
Detroit fish dealers showed that the amount disposed of in this market 
reached seventy tons for the year. , 

Singularly enough the carp. that reach the Detroit market have come 
into the great lakes as the result of an accident. The board has never 
deposited a carp in the waters of the great lakes. But several 
years since distributions of these fish began to be made to appli- 
cants .in «the interior. of the State to. be placed: im) speag 
holes and in the sources of spring-fed streams. The applicants con- 
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structed what they called dams for the confinement of the water and the 
fish. Matters went on in the even tenor of their way until some passing 
summer cloudburst or autumnal freshet earried away the frail barrier 
and water and carp escaped into the stream and were lost to the pro- 
prietor. But the public was the gainer by this natural distribution. The 
fish gradually dropped down the stream to some larger current and event- 
ually found their way by the Huron or some other stream to Lake Erie. 

We assert that the people will look wpon this fish with more favor as it 
becomes better known. We are also satisfied that it will become an 
important and cheap food for the poorer class of people who cannot afford 
toe buy the more expensive kinds, but can afford to have a Friday dinner 
off the cheap and good foreign fish, once considered fit only for royalty. 

A recent writer in the daily press, in discussing the carp, has written 
very intelligently on the subject, and we quote him in this connection. 

“These are the days of bluff and bluster; of rank intolerance and 
unreasoning prejudice. A newspaper scribbler who could not for his life 
tell whether fish eggs belong to the animal or the vegetable kingdom, or 
‘half way between the two,’ as expressed recently in a Philadelphia 
exchange, starts an absurd rumor about the carp as a destroyer of game 
fish and their eggs, and men whose duty it is to know better join in the 
hue and cry. 

“Many years ago a German named Poppe, residing in California, intro- 
duced a few carp from his native country to his adopted home, and, in a 
few years, the fish were spread in many parts of the state and had been 
transported to the Sandwich Islands. Less than twenty years ago the 
first United States Commissioner of Fisheries obtained some of the same 
species from Germany for stocking suitable waters in the United States. 

“Both Baird and Poppe were well aware of the esteem in which the 
carp is held in Europe and of the great industries springing out of its 
culture in ponds. Each was animated by the praiseworthy desire of 
acclimating this valuable fish in portions of the country which were not 
well supplied with choicer fishes. The primary object of its introduction 
was to furnish a species that has a record of successful domestication, 
rapid growth and good food qualities under proper conditions. 

“Owing to the fact that carp could be had for the asking and to the 
misapprehension that they can be grown in any kind of water, the fish 
were distributed throughout the whole country for stocking ponds; often 
poorly made, from which, in innumerable cases, they escaped into open 

raters. Many of them also were intentionally planted in streams. In this 
way the carp has become abundant, and, in some localities, it is very 
much abused. 

“Tt is said to be worthless for food and a destroyer of game fish and 
their eggs, as well as of the water pants upon which wild ducks feed. 
Carp will eat the bulbous roots of water plants without doubt, but there 
is ground for more than a suspicion that ducks were driven from the 
marshes near San Francisco by drift nets rather than by the feeding 
habits of the carp. It is surprising that the newspaper ichthyologist has 
not charged the big carp at the mouth of the Susquehanna with the 
destruction of the wild celery beds and the consequent scarcity of canvas 
- backs. Fortunately, the cause of the disappearance of the celery is too 
widely known to warrant the charge. 
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“Does any one seriously entertain the belief that a fish like the carp, 
without teeth in its jaws and with only a pair of weak comblike laminee 
in its throat, can seize and destroy a game fish? As a matter of fact, the 
game fish find in young carp a never failing and ever welcome addition 
to their food supply. Has any one found eggs of any sort in the stomach 
of a carp? We have vet to see the first authentic record of it. But, even 
if it be true as stated, the carp is no worse than the rainbow, the lake 
trout, the Dolly Varden and some kinds of salmon; it is certainly not 
trout, the Dolly Varden and some kinds of salmon. We hear no outery 
against these noble game fishes and this valuable commercial species | 
because of their well known failing. 

“The carp, when in season, is a good fish, and it is marketable at a fair. 
price, comparing in this respect with pickerel, pike, perch, cod, eels and, 
the red horse in the winter season. At Quincy and Chicago, Ie San- 
dusky and Cleveland, Ohio, Philadelphia, Baltimore and W: ashington, to 
our certain knowledge it is held in good repute. A prominent restaura- 
teur in Cleveland puts it on his bill of fare alternately with whitefish, 
and he says he has as many orders for carp as for whitefish. That it is 
winning its way in Philadelphia is shown by the following item from the 
‘Philadelphia Times’: 

“The much despised carp is proving itself a most valuable food fish, as 
well as a money getter, and work in catching them in the streams of 
Salem county, N. J., continues on a large scale, notwithstanding’ the ice. 
Fish culturists state that carp.hibernate in the mud during the cold 
weather, and experience apparently does not bear out the assertion, as 
many are now being caught. Holes are cut through the ice and a net cast, 
and hauls made every half hour. The fish are worth five cents per pound 
and the supply will not begin to equal the demand. In quality they taste 
‘much better now than in the summer, and they are considerably larger. 
One firm in Philadelphia has paid to men in Penn’s Grove over $3,000 
since last July, while fishermen in Upper and Lower Penn’s Neck have 
received $5, 000 for their past six months’ catch. Three firms are now 
buying them.’ 

vin ‘Quincy, Ill., many hundreds of poor families would go hungry but 
for the obliging carp introduced by the Fish Commission, and now so 
plentiful as to add materially to the food supply. 

“But it is not to be expected that arguments based upon the use of the 
carp for food and its value to the commercial fishermen will avail to stem 
the torrent of abuse now rolling and surging on the shores of lake and 
stream, and echoing and reverberating in shallow caverns which are the 
empty heads of its false accusers. What does it matter whether the poor 
have bread and the toiler has his recompense so long as the know-it-all 
scribbler has his fling!” 


The rainbow trout (salmo irideus), a native of the Pacific coast streams, 
has thriven remarkably well in our rivers of large volume. It is a vigor- 
ous and sturdy game fish, and grows to larger size as a rule than the 
brook trout (calvelinus fontanalis). One of the interesting things regard- 
ing this fish has come recently to our attention. Two excellent individuals 
of this species have been taken in nets engaged in commercial fishing in 
the great lakes during the last vear and a half. On or about July 15, - 
1895, a rainbow trout, weighing 53 Tbs. and in prime condition, was taken 
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in one of the nets of Messrs. Ainsworth & Ganley, fishermen of Sault Ste. 
Marie, at the Lizard Islands on the north shore of Lake Superior. This 
is the first reported rainbow trout taken in the great lakes. 

The second individual was caught in a pound net fished by Mr. Samuel 
Butterfield at the Cheneaux Islands, September 29, 1896. This fish 
weighed 3 Ibs. 2 oz., and was also in perfect condition. On the following 
day it was sent to the Sault Ste. Marie hatchery alive, and placed in a 
pond where it remains in fine condition. 

From this we may infer that the rainbow takes kindly to the upper 
lakes, and it is possible they may increase in numbers sufficiently in 
time to afford excellent sport to the anglers on those waters. This fish has 
no superior among trout in our waters for gaminess, and is a desirable fish 
in every way. His advent in the great lakes so far as we know is similar in 
manner to that of the carp. None have been liberated in any of the lakes, 
and he comes undoubtedly from some of the streams of this or neighbor- 
ing states which have received liberal stockings. Our experience for the 
first few years in handling this fish was not satisfactory. They did not 
manifest themselves in the smaller streams after liberation, although in 
larger streams they succeed well, and it was inferred that they pre- 
ferred more ample limits for success and passed into larger waters. 
Their capture in the great lakes seems to verify this view, and it is to be 
hoped that they have found in the pure waters of Huron and Superior a 
congenial habitat. 

The work of the Division of Scientific Inquiry established by this board, 
which was in operation for more than two years, was dropped at the 
beginning of the biennial period covered by this report, because of lack of 
funds with which to prosecute the work. It was unfortunate because the 
work had been well organized, and the cost of its maintenance was com- 
paratively small. The division was organized primarily for the purpose 
of investigating the life habits of the young whitefish, the foods upon 
which it lived, where it was found at different seasons and in what vary- 
ing conditions of abundance. The determination of the conditions that 
controlled their movement, whether food, temperature, or other causes, 
are all of great importance to the fish culturist, as much so as 
an intimate knowledge is essential to the agriculturist of a knowl- 
edge of the conditions of the soil and its constituents. A thorough 
knowledge of these things would aid in determining whether 
one locality afforded better chances of success for the growth 
and life of the young fish planted. Incidental to such investigation many 
collateral investigations are demanded, which though seemingly not 
closely related to the main investigation, are as a fact essential to a full 
knowledge of the subject in order that just deductions may be made bear- 
ing upon the questions to be solved. 

It is to be regretted that occasion arose making it necessary to drop 
this work, after it was once well under way and the force had been organ- 
ized, and it will be a matter of some difficulty to again bring together so 
efficient a corps of investigators again, but we hope to be able at an early 
date to again start on this valuable enterprise. The work thus far done 
has been of practical and scientific value. We have found a local- 
ity well suited for the continuation of this work, where constant 
supervision during the year may be had over the fish to be examined, and 
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with a small outlay of means a permanent station can be here estab- 
lished. Should our funds warrant we hope soon to again begin this most 
important work. (a) Five bulletins, embracing reports of the work of 
the different divisions under this bureau, have been issued in the last 
biennial period. These bulletins have challenged the attention of scentists 
at home and abroad, and have added to the stock of common knowledge 
on the subjects of which they treat. 

The growing scarcity of salmon trout in the lakes comp ta us to recom- 
mend that the artificial propagation and distribution of this fish be 
entered upon. The importance of this fish in the market 1s next to that of 
the whitefish. Charlevoix is the center of the best salmon. trout grounds 
on the lake system, and affords advantages over any other point. 
It is near large spawning beds and distributions of fish can be 
made at small cost,.and with prospects of excellent success. 

The citizens of Charlevoix have expressed themselves as interested in 
the establishment of such a station, and if they will contribute to the 
board a site and a sufficient water supply for the station, we think the 
State should provide sufficient funds with which to erect and properly 
equip a hatchery. The cost of buildings and equipment will not exceed 
five thousand dollars and would repay the investment. | 

In the spring of 1893 we established an experimental station for the 
hatching of small-mouthed black bass at Cascade Springs. The multitude 
of inland lakes in this State show the effects of overfishing and the 
greater number of them require restocking. There were some questions 
to be solved regarding the hatching of this fish, and its action under 
domestication. The three years of experiment at this station have shown 
that with proper methods the work can be made successful, and that it 
should be brought to its fullest possibilities. When it became known that 
this work was under way, applications began to come in and those now on 
file in the office would exhaust the capacity of a large station. No other 
new work undertaken by the board has met with greater favor than hatch- 
ing and planting of black bass. The bass is natural to nearly all our in- 
land lakes and many of our streams, and is so well and favorably known 

that the work of restocking our inland lakes with this fish has met with 
popular approval. 

We have secured a very advantageous location for a new bass station 
on the line of the Chicago & West Michigan Railway, near Grand Rapids, 
at a very low figure, and shall commence the construction of the neces- 
sary ponds with the opening of spring. The expense for the completion 
of this station will not be large. It is quite likely that if the demand. 
for black bass increases at any such rate in the next five years as it has 
in the past two, there will be a necessity for equipping other stations 
in different parts of the State to meet these applications. | 

The board has decided to discontinue further distributions of gold 
fish. They are in no sense a food fish, and being used solely for the pur. 
pose of display, we shall hereafter discontinue donations or this kind, 
except to a few of the public parks. 

For the purpose of making distributions of young Treen aie in localities 
where the best results may be secured, we have made every investigation 
‘ possible to ascertain the exact location of the natural spawning beds of 
the whitefish in the great lakes.of this State. The most careful inquiries 
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have been made of fishermen on different parts of the lake coast, and the 
information thus gained has been made a matter of record in the office 
of the board. This information has been put in shape and furnished to 
the captain in charge of the car for his guidance in planting. Special 
care has been taken to impress upon those charged with this work the 
importance of putting the young fish on grounds indicated by the fish- 
ermen as the spawning beds, and these directions have been fully carried 
out. In doing this the board is following out nature’s plan in liberat- 
ing the young fish on the beds where the fish naturally spawn, and we 
believe with the best chances of finding the natural food taken by them 
at that age. 

In nearly all instances where tug service is performed in connection 
with the plant, it has been done by the local fishermen of the port from 
Whence they have been distributed, and they have been directed to take 
the fish to the places we desire to reach, and in case of doubt as to the 
locality of a spawning bed, their advice has been asked for. In nearly 
all instances this tug service has to be paid for by the State, and in the 
course of a year amounts to a considerable sum. Often the owner of 
the tug is the principai beneficiary of the work done by the State in plant- 
ing fish, and it would seem that such service should be rendered gra- 
tuitously, yet no such disposition has yet been manifested. 

In January, 1894, the term of Mr. Hoyt Post as commissioner expired, 
and Mr. Freeman B. Dickerson of Detroit was appointed his succesgor. 


DETROIT STATION AND RIVER FISHERIES. 


BY SEYMOUR BOWER. 


The last biennial report of the operations at this station covered a. 
period ending December 31, 1894. At that time the hatchery con- 
cained probably the largest and finest lot of whitefish eggs ever 
assembled under one roof. The capacity of the hatchery for green 
eggs was overreached, compelling the immediate shipment of a 
considerable surplus. | 

‘The weather conditions had not been the most favorable for a large 
catch in the river, as storms interfered to some extent with the fishing, 
but were exceptionably favorable to induce free spawning and a high 
percentage of fertilization. On November 13 the temperature of the 
river had dropped to thirty-eight degrees, and it did not rise above 
that point again during the remainder of the season; so that at least 
ninety-five per cent of the females spawned were handled from water 
ranging in temperature from thirty-eight down to thirty-four degrees, 
the best possible range to secure the most favorable results. 

There were shipped from the Detroit hatchery during the season 
a total of eighty million three hundred and thirty-eight thousand 
whitefish eggs. The last lot went out February 20, completing a transfer 
of 33,000,000 to the branch hatchery at Charlevoix, to be hatched there 
and placed in northern Lake Michigan. On February 25 a careful 
measurement was made of the eggs remaining at Detroit, showing 94,- 
987,000 on hand. At that time the eggs were all eyed and the dead and 
unimpregnated had practically all been eliminated. 

The hatching season opened several days later than usual at this 
station. Generally a sufficient number of fry are out to make one 
or more shipments in March, but as late as April 8 this year the water 
was down to thirty-four and one-half degrees, or only one and one- 

half degrees above the lowest point reached during the winter, and 
it did not go up to forty until the 16th. Notwithstanding the low 
temperature. a sufficient number of the oldest eggs had hatched by 
April 6 to enable us to collect from all the tanks a light carload of 
fry, and the car was accordingly started on that date-—just twenty- 
three days later than the first shipment last year. The eggs hatched 
freely and quite steadily from and after the 10th and the hatching 
Season closed seventeen days later, or April 27. 
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The total number of fish hatched and planted at this hatchery was 
‘93,400,000, shipped out in 2,931 cans. The number of eggs laid in was, 
in round numbers, 188,000,000, portions of which were shipped away 
in the eyed condition as above stated. Comparing this number with the 
total output of eggs and fry, we find that the percentage of results was 
ninety-two and one-third. It is hardly fair, however, to regard this as 
the hatching percentage for, although the greater portion of the eggs 
Shipped were cleaned up and in the eyed stage, some went out as green 
eges, or before the percentage of loss had been sustained. Making the 
average allowance for losses on the latter, however, we find that the 
actual hatching percentage was a trifle over ninety. 

In all cases the fry were planted in a vigorous and healthy condition, 
wholly without losses either in the tanks or in transit. This result 
was due chiefly to the fact that the fish were shipped practically as 
fast as hatched, thereby forestalling weakness and exhaustion for want 
of food. The tanks were alternately emptied and cleaned every two 
or three days, thus insuring against holding any fish longer than three 
days. 

When we consider that nature, although generous to the female white- 
fish in the number of ova, leaves that ova when naturally cast entirely 
unprotected and exposed for months to manifold agencies of destruction, 
the enormous saving and multiplication of results through the manipu- 
lation and protection called artificial propagation, are at once apparent, 
but in the propagation of whitefish ona large scale the great advantage of 
art over nature is reversed at the hatching point. We have suddenly 
thrown on our hands millions of young animals that must soon have 
food. The question is, shall we attempt to Supply this food ourselves, 
‘or release them where nature has provided an abundance. 

The suggestion is frequently made by visionary enthusiasts that 
whitefish fry should be confined and fed until they have obtained some 
growth. It is true that they may be reared under surveillance on 
their natural food or a substitute, but the percentage that may thus be 
raised is so insignificant that the labor and expense are entirely out of 
proportion to the results.. The question of cost, coupled with meagerness 
of results, precludes consideration of the plan. It is not only impractic- 
able to provide the storage tanks or enclosures that would be required 
to carry fifty to one hundred millions of fish—presupposing it possible to 
keep a profitable percentage alive and growing under the restrictions 
necessarily imposed—and to collect the volume of natural food necessary 
for their sustenance, that such a course seems wholly unnecessary and 
unwarranted. Under natural conditions and limitations, the only prac- 
tical and rational plan is to release them at once where they may disperse 
and range at will in the waters of the great lakes, nature’s great free 
store house, inexhaustibly stocked, not only with the minute animal 
forms that constitute their earliest food, but also with the larger and 
varied forms essential to successive stages of development. 

Having done all that we can do with profit when we have brought 
the embryos to the point of hatching, the question of how much longer 
they should be held, without any attempt at feeding, becomes an impor- 
tant one. Whitefish fry, as such, are never more vigorous than at the 
time of hatching; they are free swimmers and begin to take food 
‘within a very few days. It would seem, therefore, that the sooner they are 

4 


26 TWELFTH REPORT—STATE FISHERIES. 


set free in their native habitat, to mingle with nature’s fry, the better. 
There is nothing to be gained by holding them and there is great risk 
in carrying them beyond the time when nourishment other than that 
supplied by the food sac is essential to normal development. 

The question of liberating the fry to the best advantage with 
reference to food supply and other favorable conditions also seems 
an important one, and the aid of scientists might well be invoked 
to throw more light on this and kindred questions. 

The volunteer work on the great lakes by a corps of scientists in the 
summer of ’93, and again the following summer, contributed much 
that is of interest and practical value to the fish culturist, but to acquire 
the greatest measure of knowledge of a practical nature, these inves- 
tigations should be continued in time and extend over a wide territory, 
so that the life history of all forms of water life under all the varying 
conditions of environment, and the relation and interdependence of these 
forms might, as far as possible, be known. 

For example, it is entirely feasible to determine approximately— 
aside from the destruction wrought by spawn eating fishes—the hatch- 
ing percentage of whitefish eggs in a natural state, and thus demon- 
strate conclusively the relative merits of artificial and natural produc- 
tion. Collections from the spawning beds from time to time during 
the spawning season would show the natural percentage of fertilization, 
whilelater collections would show the loss to the eggs from sediment and 
the insidious spread of fungus. But this, of course, cannot be done in the 
summer. Nor can the range and abundance of the earliest food forms 
selected by the infant whitefish be determined in summer, when the 
temperature of the surface levels has gone to the opposite extreme. 

We know that whitefish fry do not take their food from the bottom; 
from the moment of hatching they are free swimming animals, whose 
earliest food consists of other free swimming animals. If this food is 
more abundant in one locality than in another, we should know it. 
If there are areas having no food for the young fish, and other regions 
of great fertility, we should be able to define them. If, on the other 
hand, we find that there are no barren areas to be avoided, that the food 
is distributed with a considerable degree of uniformity, then our aim 
and solicitude would lie chiefly in the direction of releasing the fry 
where they would be least likely to fall a prey to natural enemies. 

While it is not known whether the food of the fry is any more or any 
less abundant within easy range of the reefs and shoals selected by the 
adults for spawning ‘purposes, and while the best place to plant them 
is, for want .of definite knowledge as to food conditions, largely 
a matter of conjecture, the reasonable supposition is that they should 
be placed only over spawning grounds. Partly in deference to the pre- 
vailing notion, and partly because it may be said in defense of this 
course that when so planted the hatchery fry afe at least on an equal 
footing with nature’s fry, the distributions have been confined as nearly 
as possible to spawning sections. In Lake Michigan only two lots were 
liberated south of Frankfort, as the spawning grounds south of a line 
crossing the lake at that point are few and unimportant. 

By taking advantage of the great natural fecundity of the white- 
fish in connection with the adaptability of the embryos to artificial 
propagation, hatching results are multiplied enormously; likewise it 
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seems not improbable that there are other conditions within the realm 
of discovery which, if taken.advantage of, would enable us to still 
further discount nature. 

When we consider the character of the spawning grounds, that such 
grounds are practically destitute of vegetation and therefore wholly 
unfavorable to the development of fundamental water life, it would 
seem that nature directs the parent whitefish to certain grounds solely 
with a view to the protection and welfare of the ova, not the fry. The 
character of the bottom is a matter of some consequence to such kinds 
of fry as are helplessly weighted down with a heavy food sac, but the 
whitefish is not thus handicapped; it rises and swims freely the moment 
it escapes from its embryonic prison. From a condition of utter help- 
lessness, except such incidental protection as the formation of the bot- 
tom may afford, all impedimenta is suddenly thrown off, and there is 
set free a little animal whose immediate future is in no-wise related 
to the nature of the bottom from which it arose, except as the latter may 
have a bearing on the abundance or scarcity of food in that vicinity. 

The nature and formation of the bottom or grounds where whitefish 
Spawn also constitute a strong argument in support of the proposition 
that the spawn is deposited in nature wholly with reference to the ova. It 
is cast on reefs and ledges of limestone rock, sometimes honey-combed 
and resembling a petrified sponge in form, sometimes on a solidly paved 
cobblestone bottowv, the latter sometimes interspersed with boulders. So 
far as is known—and the territory has been pretty thoroughly canvassed 
throughout the great lakes—ripe whitefish of both sexes may be taken 
at the same time only from grounds of his character. Indeed, it seems 
almost necessary that grounds of this nature must be used if any of the 
ova are to survive or escape the many dangers with which they are beset 
for a period of five or six months, as the cells of the honey comb reefs 
and the interstices and crevices between the cobblestones afford some 
degree of isolation and immunity. 

Many fishermen assert that whitefish are strictly local in their habits, 
that they only visit certain feeding and spawning grounds and never 
range beyond these limits. This may be true where good feeding and 
spawning groundsare adjacent, but it hardly seems likely that where such 
grounds are widely separated the same invariable path between’ the two 
is always taken. However that may be, the fact that certain types visit 
certain grounds year after year has given rise to the absurd notion that 
the fry from hatcheries should at some future time return to the exact 
spot where planted, and if they fail to do so, whether whitefish have ever 
been taken in that locality or not, the whole work of propagation is con- 
demned and denounced as-a failure. When planted on spawning grounds 
there may be some reason to expect them when mature to visit the spawn- 
ing grounds of that neighborhood and to continue to do so indefinitely— 
if not caught before they have had an opportunity to do so—but when 
deposited elsewhere and wholly without reference to spawning 
grounds, surely the reproductive instinct will never bring them 
to a point of planting again unless it lies directly in the path 
towards a spawning ground; and though every fish so planted survive 
to maturity, it would be the merest chance or accident if that particular 
Spot were visited or passed while foraging for food. An impartial 
estimate of the results of planting over wide areas must include the catch 
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of a lake as a whole, considered in conection with the nature and extent 
of the fishing. A fair index of the tendency towards an increase or 
decrease in the number of adults is afforded by the number that annually 
assemble, or that attempt to assemble on the spawning grounds. Seized 
with a common impulse they move instinctively towards the reefs and 
stony sholes for a definite purpose; but the claim that fry planted indis- 
criminately over wide areas should return unerringly to the exact spot 
where set free, seems almost too absurd to find support. 

During the summer of 1895 the inside of the hatchery was painted two 
coats throughout, and the entire jar and tank equipment was torn down 
and reconstructed. The fry tanks and one of the double jar batteries were _ 
rebuilt wholly of new material, but the other jar battery was made up 
of troughs and tanks culled from the old material and patched and 
repaired. The inside joints and corners and seams of all the tanks were 
filled with hot pitch; then the whole inside surface was treated with three 
coats of coal tar. 


DETROIT RIVER FISHERIES AND WHITEFISH WORK. SEASON OF 1895-96. 


Only three fisheries were operated by the commission this fall—one at 
Grassy Island and two at Belle Isle. The fishery at Stony Island, now run 
by private parties, was a failure on account of the extreme low stage of 
the water in connection with the peculiar local conditions at that place. 
The fishery in front of Fort Wayne and known as the Fort Fishery, from 
which we have usually secured 15,000,000 to 30,000,000 eggs each season, 
is lost to us irrevocably through the action of the government in parking 
the river front and demolishing the fishery. The buildings and platforms 
at this fishery rested on piles, about twenty rods from shore, and the 
grounds that they occupied are now just inside of the sea wall that has 
been laid to define the new shore’ line and enclose the new park area. 
Notice to vacate was received in September, and soon after a crew was 
sent there to dismantle the buildings. These were of little value, except 
the one used as quarters for the fishing crews, which was nearly new, 
and this was transferred by scow to one of the Belle Isle fisheries, where 
it was needed. All other material of value was likewise taken to the Belle 
Isle fisheries. 

Following the removal of the Fort buildings, a crew under the direction 
of Dwight Lydell as foreman, was put on at Belle Isle to make necessary 
preparations for the fall fishing. The seines that had been stripped and 
stored since the preceding season were overhauled, mended and hung, 
and three new ones added. A number of the old crates were beyond 
repair; the new ones to replace them were made considerably shorter, for 
convenience in handling. The usual roughly constructed temporary 
buildings, docks and platforms required at the two Belle Isle fisheries 
were provided. As the construction and dismantling of these temporary 
necessities each season involves considerable expense and waste, it is to 
be regretted that sufficient funds are not appropriated to provide for their 
permanent construction, finished and ornamented in such a manner as to 
meet the approval of the Park Board, so that their removal would not be 
required each year on account of crude and unsightly appearance. This 
would not only be more economical in the long run, but also more desir- 
able in every way. 
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At Grassy Island a crew commenced work October 8th, to make needed 
repairs to crates and seine boats and to do the necessary dredging to 
remove the annual accumulation of mud from the ground in front of the 
apron and out toward the channel bank. 

Preliminary or trial hauls to clear the grounds and to note whether 
the fish were running were made occasionally by the repair crew. Fish- 
ing by a regular crew was begun at Grassy Island October 17th, at the 
Willis Fishery at Belle Isle on the 18th, and at the East Point Fishery, 
Belle Isle, on the 21st. The crews were doubled at the Grassy and Willis 
stations on the 29th and at East Point a day later. The bulk of the run 
came on about a week earlier than usual, and fishing was discontinued at 
a correspondingly early period. The last hauls were made at Grassy on 
the 16th of November, at the Willis Fishery on the 17th, and at East 
Point on the 18th. 

The season as a whole was favorable as respects fishing, but unfavor- 
able for spawning. The cold, rough weather that prevailed throughout 
the month of October brought the fish into the river early, but they were 
not ripe, and the fine weather that followed was not at all favorable to 
maturing the spawn of whitefish confined in crates. The water temper- 
ature had dropped gradually to 40 degrees by November Ist, and the con- 
ditions were all right up to that time, but instead of going lower, or even 
remaining stationary, as it should to have forced the spawning, it rose to 
46 degrees by the 7th and did not drop back to the 40 notch again until 
the 19th. A comparison of the water temperatures with those of a corre- 
sponding period last year affords a complete explanation for the differ- 
ence in spawning results. 

The combined catch of the three fisheries was considerably greater 
than from the same grounds last year. Grassy Island shows a decrease, 
and the Willis ground a slight increase, but the catch at East Point was 
nearly doubled. A very unusual feature of the season’s catch was that 
the females outnumbered the males. More of the former were taken than 
last year, although one less fishery was operated. 

At Grassy Island low water was responsible for delays that reduced 
the total number of hauls during the season about 25 per cent. Fre- 
quently the water in front of the apron was too shoal to float the boats 
after the seine had been shipped, causing a considerable loss of time in 
getting away. The average catch per haul was, however, 15 per cent 
greater than last year. The largest single haul of whitefish at Grassy dur- 
ing the season was 62. 

At the Willis Fishery the number of hauls was 16 per cent fewer than 
last vear, due to an increase of 16 fathoms in the length of the seine, 
thereby requiring more time to ship and to land it. The average per haul 
was 20 per cent greater than last year. The largest single haul was 37. 

At East Point 28 more hauls were made this year than last and the 
increase in the average catch per haul was 73 per cent. Largest single 
haul, 57. The service at this fishery was very satisfactory this season. A 
special watchman was stationed there during the season and a more 
skillful seine thrower was secured for the second crew. 
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The following table shows the season’s catch in detail: 


Fisheries. No. hauls. No. females. No. males Total, 
Grassy TslanGarasnwe ee ean at aS 470 2,941 2,323 5,264 
Willis (Bolledslojpeee ee eo ee 677 2,198 1,833 4,031 
East Point (Bellewisie)h ois see 437 1,697 2,531 4,228 
Totals peeeeiee me) ee erecta) ee BO 1,584 6,836 6,687 13,523 


On the night of November 26th a heavy southwest gale lowered the 
water at Grassy Island about six feet, breaking all low water mark 
records. As our crates there rest on the river bed, it was thought for a 
time that most of the fish would have to be taken out. The females that 
had not spawned and most of the males were moved to crates some dis- 
tance away in deeper water, placed there expressly to meet such an emer- 
gency, but even there the water was dangerously low. For a short time 
there was less than a foot in the crates and many of the fish were partly 
out of water, but the tide turned barely in time to save them. 

A few eggs were taken as early as November 1st and as late as Decen- 
ber 12th, but the heart of the spawning season was between November 
8th and December ist. Number of females spawned at Grassy, 2,476; at 
Belle Isle, 3,103; total, 5,579. Number of females at Grassy that failed 
to spawn, 465; at Belle Isle, 792; total, 1,257. Average per centage 
spawned .816, or more than 11 per cent less than last year. 

The total number of eggs taken on the river was in round numbers 169,- 
000,000, an average of about 30,500 per female spawned. Another million 
was received from other sources, making the total receipts at Detroit 
about 170,500,000, or 18,000,000 less than last year. Belle Isle furnished 
16,000,000 more this year than last, and Grassy 4,000,000 less, a net gain 
of 12,000,000 from these sources; but contributions from two fisheries 
that furnished 31,000,000 last year were entirely cut off this year, leaving 
a net loss on the river of about 19,000,000. 

The average weight of the whitefish taken this year was two pounds 
and fifteen ounces, an increase of 103 per cent over last year and 204 per 
cent over two years ago. 

The following shipments of whitefish eggs were made from the Detroit 
hatchery during the season: 


Noy. 25, 600 quarts to Charlevoix. 
Dec. 12, 300 = wy 
(5 20, 389 “cc “ 
sare m2 | a Sault Ste. Marie. 
Jan. 19, 200 is sf te 
Total, 1,713 quarts, or nearly 63,000,000. 


The 600 quarts shipped November 25th to Charlevoix were all lost 
through the wrecking of the fish car near Traverse City. 
_ By March 1st the eggs were cleaned up and in fine condition. A few 
fish were observed in the tanks as early as March 13th, but the hatching 
Season cannot be said to have commenced until the 25th. The weather 
remained cold for a number of days, however, and the hatching was 
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retarded. Only about 5,000,000 had hatched up to April 8th, on which 
date the car was started. After that the water warmed rapidly and the 
eggs were all out on the 18th. The last shipment of fry was made on the 
22d. The fry were shipped and planted in excellent condition, the plan 
of the past two seasons being continued, namely, clearing and cleaning 
the tanks alternately as often as once in three days. Total number of cans 
shipped, 2,378; number of fish, 66,000,000. 

It has been freely claimed and with considerable persistence that the 
water in which the eggs are incubated at the Detroit hatchery is warmer 
than the water in the river, on account of being piped about two miles, 
and that in consequence the eggs hatch earlier than in nature; but the 
record of surface and bottom temperatures of the river that has been 
kept during the past season proves the falsity of this claim. The hatchery 
and river temperatures are practically identical. Still further and equally 
conclusive evidence is furnished by the fact that the incubating season 
at the Sandwich hatchery, which is located on the bank of the river and 
pumps directly therefrom, is identical with ours. 


RIVER FISHERIES AND COLLECTION OF WHITEFISH EGGS, SUMMER AND FALL 
OF 1896. 2 


During the summer the little building moved from the Fort Fishery 
last fall to the East Point Fishery, Belle Isle, and used as a mess house 
and sleeping quarters for the fishing crews, was remodeled exter- 
nally, and converted into a neat little cottage similar to the one at the 
Willis Fishery. 

On September 15th the crew commenced overhauling seines at Belle 
Isle. Some of the seines. were badly torn and worn, but it was decided 
that with four new strips they could be made to answer for the season. 
The repair force was increased October 1st and the usual work of build- 
ing docks, platforms, ete., was taken up. 

A number of new and improved crates were made for the Belle Isle and 
Grassy Island spawning stations, the new features being suggested 
chiefly by Foreman Lydell. Two and one-half inch strips were used 
instead of six inch fence boards, thus increasing the area of the openings 
and improving the circulation. For convenience in moving and storing, 
the new crates are bolted instead of nailed at the corners, so as to “knock 
down” into five sections—the bottom, two ends and two sides. But the 
most important improvement introduced is a false bottom which can be 
raised or lowered at will. This bottom is made of two and one-half inch 
strips and is held down by wooden pegs passing through an upright 
standard at each corner into the corner post. When the pegs are pulled, 
the bottom floats up to the surface; or, it may be stopped and held 
securely and indefinitely at any intermediate peg station. Heretofore 
in handling a crate of fish, they have been massed towards one end of the 
crate by a sliding gate, but when the water is so roily that only those 
near the surface may be seen, quite a good many are overlooked and 
escape handling at the proper time. The gate is still used, but the movable 
bottom still further contracts the lines and brings every fish into view, 
regardless of the condition of the water. 

Early in October a repair crew commenced to lower the platform at 
the Grassy Island fishery and to make other preparations for the fishing 
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season. The object in lowering the platform was to facilitate the hand- 
ling of the seine. When this platform was built, the average stage of 
water was considerably higher than that of the past few years, and what 
is really needed now is an extension of the dock and platform into water 
of sufficient depth to float a loaded seine boat at all stages. Likewise the 
canal or runway connecting the apron with the crate should be moved 
farther out. As it is now, every southwest gale of any: consequence 
lowers the water so that the canal is high and dry, and the fish have 
to be carried in tubs from the seine to the crates. 

Regular fishing was begun at Grassy, October 20, at Belle Isle two 
days later, and the crews were doubled all around from the 27th to the 
29th. Fishing was begun an average of one day earlier than last year, 
and was carried on five days later. The last hauls were made at Grassy, 
November 21, and at Belle Isle on the 23d. 

The weather was unfavorable throughout the season for fishing on 
the American shore. Our catch was 16 per cent short, or 2,260 fish less 


than last year. High southeasterly to southwesterly winds prevailed: 


almost continuously during the best of the season, interefering to a con- 
siderable extent with the proper handling of the nets, and also influencing 
the movement of the fish towards the lee or Canadian shore. 

The catch in detail is shown in the following table: 


x 


Fisheries. No. hauls. No. females. No. males. Totals. 


Grassyilsland oo vine Uwe ein nha eco 626 2,228 2,366 4,594 

Willis (Belle Isle)_______- RS igre toes (1.0) SNe 814 1,550 1,697 3,247 

East Point (Belle Isle) ...._._---_.-.-__-.. 573 1,458 1,964. 3,422 
Totals 


pe eo a an ae 2,013 5,236 6,027 11,263 


A very few eggs were taken October 29, an unusually early date, and 
the soft condition of the females indicated an early spawning, but a long 
spell of warm weather followed and only 66 fish had spawned up to Nov- 
ember 15th. After that the eggs flowed freely,, as is usual, from 
the fish that were within a day or two of spawning when caught. The 
farther they are from spawning when taken, the greater the number that 
will fail to mature. Invariably a majority of the latter come from the 
early caught fish, and the defection is very largely increased with .a 
rising temperature. Early caught fish are often brought almost 
to the point of spawning by a rapid cooling of the water, then a change 
throws them back so that many are never brought to that point again, 
while those that finally do mature are the very last fish stripped during 
the season. Probably more than 50 per cent of the females caught prior 
to November 2d, this season, did not mature their spawn. | 

A comparison of water temperatures during the three spawning sea- 
sons ending with the present forcibly illustrates the influence of range 
and rise and fall on spawning results, and proves the value of a low 
and narrow range as well as the adverse influence of a rising or relatively 
high stationary temperature. In the fall of 1894, 95 per cent of the 
females spawned were taken from a water temperature of 34 to 38 
degrees; 93 per cent of the females caught were stripped and 90 per cent 
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of the eggs hatched. The following year the water dropped to 40 degrees 
by November Ist, but rose to 46 on the 7th and did not fall back to 40 
again until the 19th. The spawning percentage was 814 and the hatching 
percentage 76. This year, from November 1st to 28th, the water ranged 
from 52 to 40 degrees, touching the latter point only once during that 
time, and averaging 45. The spawning percentage was 80 and, from 
present indications, the hatching percentage will be from 75 to '80, or 
about the same as last year. 

Whitefish seem specially sensitive to temperature influences when con- 
fined and ‘handled in crates. As more than 90 per cent of the females 
from the river catch are not fully gravid when taken, and must therefore 
be crated for a longer or shorter period, the significance of water temper- 
atures as a factor is still further emphasized. It is fotunate for this 
work that a large majority of the females are taken after the fishing 
season is well advanced, the early runs being made up chiefly of males. 

Of the 5,236 females crated, 1,048, or 20 per cent, failed to spawn. Total 
number of eggs taken, 149, 650 000, an average of about 35,000 per female 
spawned. 

The average weight of the fish was two pounds and thirteen and 
one-third ounces, a trifle less than last year. The females ranged heavier, 
but there was a considerable sprinkling of undersized males. A white- 
fish as small as one pound in weight has very rarely occurred in the 
river runs, but at Belle Isle this season 110 fish of one pound or under 
were taken. These, of course, were returned to the river alive. 

The last eggs were taken December 16th at Grassy Island. The spawn. 
ing season, however, was practically closed in November, as less than 
200 fish were stripped in December. The Belle Isle station was closed 
December 12th. A sufficient number and variety of fish were reserved 
from the fall catch to maintain an aquarial exhibit at the hatchery 
through the winter. The conclusion of the river work, which resulted in 
placing an even thousand jars of whitefish eggs in the Detroit hatchery, 
closes the biennial period covered by this report. 


PIKE PERCH (DETROIT HATCHERY). 


As there were comparatively few applications for pike perch on file in 
the spring of 1895, and as the funds were short it was thought best to 
earry them over and discontinue this branch of the service for one or 
more seasons. Inquiries for suitable inland waters continued to arrive, 
however, and a sufficient number of applications had accumulated to 
warrant taking up this work in a limited way in the spring of 1896. 

An effort was made to lease the fishing privilege on a well known 
Spawning ground on the St. Clair river, but a prohibitive price was asked. 
The spawn was therefore secured at fisheries operated from Toledo. The 
ova was taken during the latter part of the spawning season, or from 
April 20th to the 27th, the spawning privileges having been controlled 
by others prior to that time. 

At the time the eggs were arriving at the hatchery, the temperature of 
the water varied from 50 to 52 degrees. By May 9th it had gone up to 60 
degrees, the weather being hot. The eggs developed rapidly and showed 
the eye spots on the tenth day. The oldest began hatching May 4th, the 
sixteenth day. Most of the entire lot hatched from the 6th to the 8th and 
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all were out on the 9th. The average period of incubation was fifteen 
days. 

On May 10th the fry began to rise and show up freely in the tanks. The 
weather continued hot and they developed rapidly, restricting the time 
of holding them in good condition to a shorter period than usual. Dis- 
tributions were made by messenger, the car being engaged in important 
work in the upper peninsula. Two messengers were started May 10th and 
they made a total of eleven trips in six days. By that time, or on the 16th, 
the fry began destroying one another, and the tanks were therefore 
cleared and the fish placed in the Detroit river, near Belle Isle. In round 
numbers, 5,000,000 were planted in the river and 9,000,000 distributed 
by messengers, who made 34 deliveries for 49 inland lakes. 

Pike perch fry for the most part lie dormant and apparently lifeless 
in the bottom of the tanks for a few days after hatching. In this state 
they are in no condition to be handled or transported. But within a few 
days after rising they begin to feed upon one another, so that the time 
for safe and successful transportation is too limited to admit of widely 
extended distribution. It would therefore seem to be a good plan to make 
partial distributions in the form of eyed ova, moving them to the waters 
to be stocked and hatching them ‘“‘on the spot” in floating boxes. 

The following communication was recently received from Mr. G. W. 
Jones of Marcellus, Mich.: 

“The fish you have sent me from time to time have proven valuable in 
stocking our lakes and streams in this vicinity, and especially is this true 
in regard to the pike that were furnished several years ago for Big Fish 
Lake and Saddle Bag Lakes. Our local anglers are catching a good many 
this winter through the ice and they weigh from three and one-half to 
seven and one-half pounds each.” 


NOTES ON EXPERIMENTS IN FEEDING WHITEFISH FRY ON THEIR NATURAL 
FOOD. 


In the spring of 1895, a few simple experiments were inaugurated on 
a small scale with a view to noting at what age the fry begin to take 
food, also to determine the particular forms taken by natural selection 
during the earlier stages of whitefish life. A number of lots of one hun- 
dred to three hundred fry in each were confined in small wire boxes sta- 
tioned in the Detroit river, some at the surface and others anchored at 
the bottom, to subsist solely on such natural food as might chance to 
drift into their little prisons. In size these boxes were 14 inches each 
way. An opening 104 inches square was cut from five of the six spaces 
of the 14 inch cube and these spaces were covered with brass wire cloth, 
24 wires to the lineal inch. . 

Similar lots of fry were placed in small glass aquaria in the hatchery 
and fed on natural food collected from the river by means of a towing 
net. The latter was made of India linen in the form of a cone forty 
inches in length, twelve inches in diameter at the base or mouth and 
tapering to an opening one and one-third inches in diameter at the apex, 
which, of course, was closed when in use. The mouth of the net was 
provided with an iron band or rim to keep it open. For bottom towing 
the same net was attached to iron runners. When trailed from the stern 
of a rowboat, this net simply strained out and focused at its small end 
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the minute animal life that was found in greater or less abundance in 
all parts of the river from the moment the ice went out, or that open 
water would be reached. 

Of the fry thus confined in the river and at the hatchery, reference will 
be made here to two lots only, as most of the fish not lost through natural 
causes, or by accident, were preserved from time to time for examination 
by a scientist, whose report in detail will show with much greater fulness 
the results and true value of the experiments. 

On April 20th, 360 fry were hatched and poured into one of the wire 
boxes stationed at the surface of the river, about fifteen rods from the 
south shore of Belle Isle and at a point where the water is ten feet deep 
and the current very moderate. The box was tossed about with con- 
siderable violence by swells and passing steamers, and no doubt many 
of the fish were injured or killed in this way. By April 30th, or within 
ten days, 170 dead fish were taken out, also 72 live ones for preservation 
by the usual methods, leaving 118 on hand. As whitefish fry confined in 
tanks and cut off absolutely from food in every form will linger along 
fifteen to twenty-five days before starving to death, it is evident that the 
heavy mortality of the first ten days was not due to starvation. 

By this time most of the survivors had taken food, and by May 6th a 
few showed a perceptible growth. On May 12th the box was shifted 
by some person unknown and 26 dead fish were found. Including these, 
the loss by death and accident from April 29th to May 21st was 70, and 
six had been preserved, reducing the stock to 42 fish, which were then 
growing quite fast. 

On May 21st the 42 fish were divided into three lots or boxes. One 
box containing 11 fish was anchored at the bottom; the other two were 
barely submerged at the surface. The bottom fish did not grow as fast 
as those at the surface. Our towings showed that the bottom levels were 
as rich in food life at that time as the top levels, but the screening sur- 
face of the bottom box was found more or less choked with mud when- 
ever inspected, and therefore the volume of water that passed through 
it—and consequently of the food—was materially reduced. 

_ However, not a fish died from May 21st to June 15th, and they had 

grown to range from one to one and one-half inches in length. Mean- 
time six more had been preserved, leaving 36 on hand June 15th. On 
this date the usual inspection showed that all of the boxes had been tam- 
pered with by some unknown meddler. The covers were not properly 
fastened down and eleven fish had escaped. There were also seven of 
them dead, leaving only eighteen. Seven of these escaped July 2d, 
through a misplaced cover; and from June 15th to July 23d eight died, 
leaving three on hand, which were transferred to the hatchery. They 
were then nearly two inches in’length. 

It is evident that the Detroit river is quite rich in the food required 
for the earlier stages of whitefish life, for these boxes were placed where 
the current was feeble, and the volume of water passing through each 
would naturally be limited to the single screen facing the current, an 
area ten and one-fourth inches square. Considering the way in which 
these fish were handicapped and the many mishaps that befell them, 
their progress and growth cannot be regarded as otherwise than satis- 
factory and encouraging. So far at least as accessibility to food is con- 
cerned, the fry as ordinarily planted in the river undoubtedly fare much 
better than did those in the experimental boxes. 
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On April 2d, 400 fry were hatched and placed in two small glass 
aquaria at the hatchery and then fed exclusively for nearly four months 
on natural food from the river, daily towings being made for the pur- 
pose. During the months of April and May only nine fish died, but 24 
lots of 12 fish each were taken out at stated intervals and preserved for 
examination of stomach contents, leaving about 100 on hand June 1st. 
These had grown rapidly, much faster in fact than those in the river, and 
were in fine condition. They continued to do well until about July 20th, 
when it was noticed that some began to look thin and that the growth 
of the others, though feeding freely and apparently doing well, was very 
slow. They seemed to be almost at a standstill. This change may have 
been due to an insufficient quantity of food or to causes wholly inde- 
pendent of food conditions, but it seems more reasonable to suppose that 
the river towings were deficient in some element essential to a normal 
growth at this stage. 

Soon afterwards bread was added to the daily diet, and it was taken 
with considerable freedom, but the fish continued to drop out from time 
to time—most of the loss occurring in July and August,—until only 
eight remained on the 21st of the following February, when they were 
sent to the Paris hatchery. No towings were made after November 234d, 
and their diet from that time on was exclusively of bread. When moved 
they were three to four inches in length, in good condition, but small 
for their age. 

The fry of whitefish are so transparent for several weeks after hatch- 
ing that when confined in glass aquaria in a well lighted room, the 
presence of absence of food in the stomach may be determined almost 
at a glance. The presence of their natural food is especially noticeable, 
as it casts a reddish tinged line throughout the food canal; and the exere- 
ment frequently trails or hangs for hours from the anal outlet in the 
form of an ash colored string, one fourth to two inches in length. 

The larger forms taken by the tow net are plainly visible to the 
unaided eye and may be seen darting about the aquaria with consid- 
erable activity, especially when pursued by the young fish. Some of the 
latter were observed trying to capture the larger forms on the very day 
that they were hatched, but the earliest instance in which food was posi- 
tively detected in the stomach was on the third day. 

There is a radical difference between the fry and adult stages of white- 
fish life, both in respect to the character of their food and the manner of 
taking it. The fry are provided with small, sharp teeth that enable them 
to seize the little animals upon which they subsist for a time, but the 
mouth of the adults is of the sucker form, and therefore unsuitable for 
Seizing active prey, but admirably adapted to taking food from the bot- 
tom by suction. Such a complete métamorphosis in these respects 
indicates that still another type of food may be sought or needed during 
the intermediate stage, or period of transformation. It is not known at 
just what age young whitefish begin to lose the strictly carnivorous habit 
and to seek a change in their bill of fare, but these experiments indicate 
that a partial change at least is desirable or even necessary between the 
third and fifth months. | 
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J. W. POWERS, OVERSEER. 


The Paris station is the station for hatching brook trout, rainbow 
trout and brown trout. Until the completion of the Soo station and the 
installation of ponds there for parent brook trout in the summer of 1896, 
this station was the only trout station of the commission. 

The output varies from two and a quarter to two and three-quarters 
million brook trout fry. In addition about 275,000 rainbow and brown 
trout are also distributed. For the past three years this has been supple- 
mented by the hatching and distribution of about three million lake trout 
which have been hatched here because of lack of room and conveniences 
elsewhere. 3 

Improvements have been made to the betterments of this station in the 
two years by the addition of one new spawning pond above the highway 
and the addition of one pond at the lower end of the group of ponds below 
the railroad. This has added to the capacity of the station to that extent. 

The waste ditch above road has been improved by the removal of the 
old plank siding which had become badly decayed and replacing it with 
field boulders similar to those surrounding the new ponds, making a 
permanent improvement and replacing the unsightly and decaying wood 
with a neat and attractive embankment. This improvement was carried 
below the highway bridge and has added much to the appearance and per- 
manent character of the grounds. . 

The improvement in the construction of the lower new pond necessita- 
ted the cutting down of the surrounding grade, required the removal of 
the surplus earth which was taken to the low ground about the ponds 
above the road and utilized in that improvement. At that point the 
ground was low and marshy and covered with flags and at times with 
stagnant water. This place has been filled in to grade to correspond with 
the surrounding higher ground, the stream has been straightened, the 
thicket of small trees has been trimmed out and the unsightly place has 
been made equally attractive with the other surrounding grounds. 

The fence on the south of the ponds above the highway for a distance of 
about twenty rods has been rebuilt, the tables used for picnickers have 
been removed and the grounds have since been in much better condition. 

A connection has been made by a pipe connecting the windmill with one 
of the ponds, to furnish water for the windmill tank for fire protection, 
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and for watering the lawns. Pipes for that purpose with taps have been 
laid to various parts of the grounds and the lawns have been kept in 
much better condition since these improvements were made. 

The woodland lying on the sources of Cheney Creek and the Little 
Buckhorn, belonging to the State, joins the timber of adjoining private 
parties and it was thought advisable to define the boundaries to prevent | 
cutting of timber on our premises. Forest fires were each year a menace 
to the standing timber and it was deemed desirable that this should be 
prevented as far as possible. We had our lines run out by a surveyor, and 
a force was put on to clear a strip of land along the line of the timber, 
rubbish and down timber along the boundaries, one rod in width. This 
was burned and last summer a board fence was constructed enclosing 
the property. A new fence has also been built along the frontage of the 
property on the Muskegon river. 

Repairs have been made to the overseer’s residence by putting on new 
double windows, repairing the cellar, and putting new wainscoting in 
the rooms on the first floor to render ‘the dwelling more comfortable in 
winter. 

The hatchery building has had a new floor put in the part not relaid 
two years ago. Four ventilators were built on the hatchery building 
to secure better ventilation. All the buildings on the property have been 
repainted, and minor repairs made. 

Traps have been put in at the mouths of Cheney Creek and the Big 
Buckhorn and they have been housed in, for the capture of wild trout 
from the Muskegon. 

The grove between the railway and the river has been fitted up for a 
picnic ground, with tables; aspring cleaned out for use of visitors and the 
grounds required for this purpose for the large number of visitors during 
the summer are now in excellent shape. This change of these grounds 
from immediately about the ponds has resulted in keeping the grounds 
free from the papers, broken food, and other accompanying things neces- 
saryily connected with picnic parties which formerly kept the grounds 
littered with this material during the summer. . 

In the fall of 1895 and about the spawning time an epidemic disease 
attacked the parent brook trout, and there was a large mortality. The 
fish were attacked with a fungus growth and before the season was over 
we had a loss of between six and seven thousand spawning fish. We could 
assign no cause for the disease, but steps were taken to inquire into the © 
trouble. The resulting loss has had the effect of somewhat reducing the 
output of fry from the station for the present year. Preventive measures 
have been taken to avoid a possible recurrence and we hope to avoid fur- 
ther losses. This disease is common to all pond reared fish. 

Following the thefts of spawning fish in 1894, in the following spring 
we puton a permanent night watchman at this station. He was furnished 
with a time detector, which requires him to visit eight different stations 
at stated intervals during the night and we think the chances of further 
robberies have been thus minimized. 

In the summer of 1895 the force at this station constructed a telephone 
line from the hatchery to the railroad station a mile distant. The poles 
were cut from the State property, and we now receive telephone notifica- 
tion of all telegrams from the agent and messages are transmitted in the 
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same way, thus saving the time of employés and expenditure for mes- . 
senger service for delivery of messages. 

In July of 1896 serious fires on adjoining property threatened the build- 
ings at the station with destruction. It was only by the most vigorous 
and untiring work that the threatened loss was averted. The whole of the 
regular force at the station and a volunteer force of the residents were 
employed for two days in arresting and extinguishing these fires. The 
lands immediately adjoining the State property is littered with old down 
timber, during the dry season of midsummer this is frequently care- 
lessly fired, and until this has been removed from the land, which will 
only occur from decay, it will be a menace to the buildings on the hatch. 
ery grounds that will call for the greatest vigilance. 

The grater portion of the timber needed in the improvements at Paris 
has been cut from trees on the premises by the force during the slack 
times in the summer. About 35,000 to 40,000 feet have thus been cut from 
our own lands the last two years. 

There are now 23 ponds on the property, carrying about eleven thou- 
sand stock fish. 

Floats have been made and put in the ponds during the past year to 
afford shelter and shade for the adult fish during the extreme heat of sum- 
mer, and we believe with advantage to the fish. The ponds are unshaded 
by the foliage of trees, and the fish at times seem to suffer from the 
intense heat of the sun without protection of this nature. 


SAULT STH. MARIN, STATION: 


ARCHIE BABBITT, OVERSEER. 


The desirability of this place for a great commercial and game fish 
station has been emphasized by our experience here since the last 
report. Nowhere else, to our knowledge, are found conditions which 
promise and perform so much. At other places one kind of water of a cer- 
tain temperature must be used fer trout work, and another for white- 
fish and other commercial fish work. The same water will not answer for 
hatching both fish ordinarily. But here conditions are changed; here both 
of these fish live in this water as their natural habitat, and both opera- 
tions can be successfully carried on at the same time. The place is an 
ideal one. Not only are brook trout and whitefish found native to the 
Sault river, but they are likewise common to Lake Superior, which, with 
its great depth and the purity and coldness of its water might be char- 
acterized as a mammoth spring. 

Since the last report the new station, which had just then been built, 
has been equipped ‘with the most modern appliances and methods within 
our knowledge and is today a model as a serviceable and complete 
hatchery. 

The west end of the building has been fitted up with jar galleries and 
accommodates 200 Chase jars, supply tanks, foot tanks and storage 
tanks. The east end is fitted with eight banks of troughs containing 
three troughs in each bank, for the hatching of brook trout. In the 
arrangement of these troughs the regulation plan in use in the old hatch- 
eries has been departed from to great advantage in the practical conduct 
of the work. Instead of being fed from a supply trough placed against 
the wall of the building, against which the ends of the banks or 
troughs are placed, and being fed from faucets or cocks from the 
main supply trough, under the new arrangement the hatching troughs 
stand entirely away from the walls of the building on the open 
floor space, and are fed by pipes coming from beneath the floor, the 
upper ends of which are curved or bent downward to near the surface of 
the water in each trough. This arrangement permits the free movement 
of the working force around either end of the troughs, and makes the 
labor much easier. The feed pipes to supply the troughs are out of sight 
underneath the floor, thus doing away with unsightly feed troughs and 
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giving the freest movement in all directions about the floor space. Under- 
neath the windows on each side of the house are arranged shallow pick- 
ing troughs where this work is done under a good light. 

The motive power for lifting the water is supplied by electricity, a 
dynamo, small pump and electric current having been furnished by the 
corporation of Sault Ste. Marie under the arrangement made with them 
when the location was fixed upon. The working of the dynamo and pump 
is nearly perfect, such difficulties as have presented themselves being of 
but small consequence and soon overcome. 

Formerly when we occupied the,experimental station at this place, a 
long and expensive drayage was necessary to transport the fish to the 
railway for distribution. At the time the new hatchery was built we were 
given to understand a spur would be built from the main line of the D.S. 
S. & A. Ry. to a point near the hatchery. This has been done since the 
last report was made, and our car can now be run to within about a 
thousand feet of the hatchery. The hatchery being on an island, no access 
can be had to it by teams, and it became necessary to make provision for 
transportation over this intervening space. We finally decided to con- 
struct a narrow guage electric railroad from the hatchery to the spur. 

The contractors for the construction of the new lock, after the com- 
pletion of their work had a large quantity of ties and rails, and through 
a favorable arrangement we were able to secure at a very reasonable 
price the necessary material to build the short railway from the door 
of the hatchery to the railway siding. We were also able to secure in the 
Same manner timber for a bridge across the intervening channel. At a 
reasonable figure we also had built a trolley car to run over this tramway 
to transport the cans from the house to the railway spur, and the tram- 
way is now in operation at a very low cost of construction. 

During the summer of 1896 we cleared the ground immediately south 
and west of the hatchery of its boulders, with the aid of the trolley car 
and blocks and tackle as the motive power, and began the construction of 
three ponds in which to hold brook trout for stock purposes. Three fine 
ponds with connecting races and spawning race were completed in time 
to receive the fish before the spawning season began. The material with 
which the ponds were constructed is shaly stone mixed with soil, and it 
became apparent that it was not compact enough to hold a sufficient head 
of water in the ponds for our purposes. It therefore became necessary 
in order to put the ponds in proper shape to use water lime to make the 
retaining embankment. This made the work somewhat more expensive 
than we had expected, but when finished the ponds proved to be perman- 
ent in character and are in excellent condition. 

In these three ponds, which are of a clover leaf pattern, there were 
caught and placed last fall between 900 and 1,000 adult brook trout, 
from which were taken in the neighborhood of three hundred and seventy 
thousand ova. 

Below the hatchery building we have a large area which can be made 
into ponds, and should be improved as rapidly as possible in order to 
bring this station to its full usefulness. To accomplish this, it will be 
necessary to turn the water that is now flowing over it away from this 
portion of the territory, and then carry on to this part of the premises a 
considerable quantity of soil with which to make embankments and 
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ponds. This work, because of matters as they now stand, can be done 
much more cheaply during the coming summer than thereafter. The gov- 
ernment now has on lands closely adjoining the hatchery a quantity of 
earth, excavated from the new canal lock, which must be removed the 
coming summer, to permit a grading and sodding of their grounds. We 
are satisfied arrangements could be made whereby this earth might be 
secured for our purposes if it is done this summer, and the cost would 
be comparatively small. Should this opportunity be allowed to pass, after 
the removal of that earth, the cost of getting the earth there would be 
greatly increased. It would have to be brought on scows for a long dis- 
tance and then thrown off and loaded on to barrows and taken about 
twice the distance. This would greatly increase the cost of construction 
and would entail two more handlings of the earth, which is the main cost. 

Then, too, the property we occupy is in the heart of the Government 
Canal Reserve. During the coming year the authorities contemplate 
grading and arranging the grounds immediately adjoining the canal, 
under a general parking plan for their beautification. When the right 
was given the board to occupy the place free of cost, as a site for a 
hatchery, it was understood that the State would put the grounds into 
such shape as would conform to the government’s parking plan, 
and it would practically become, by reason of its situation, a part 
of a handsome public park. This work must be done at some 
time, and can be done better and more economically now than ever again, 
and we ask that a sufficient amount be allowed to complete the work the 
coming season. When this station is completed, the ground graded and 
sodded, and the plant completed, it will be able to care for the waters 
of the Upper Peninsula and will be one of the stations in which our pee: 
ple will justly take pride. 
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SAULT STE. MARIE HATCHERY. 
PONDS AND ELECTRIC RAILWAY. 


VIEW OF INTERIOR OF SAULT STE. MARIE HATCHERY. 
TROUT TROUGHS. 


VIEW OF INTERIOR OF SAULT STE. MARIE HATCHERY. 
WHITEFISH JARS AND TANKS. 


CASCADE STATION AND BLACK BASS WORK. 


CHAS. HOLT, OVERSEER. 

In 1895 a ‘station was established on grounds at Cascade in Kent 
county, for the purpose of conducting experiments in the breeding of 
small mouthed black bass for distribution in our inland lakes, many of 
which from years of continued fishing of all kinds had begun to show a 
decay of the natural stock. 

There is hardly a game fish in America so widely distributed as this 
fish. Its range is from Florida far up into British possessions, and from 
the Atlantic to the Mississippl, with the exception of a few circum- 
scribed areas. For gaminess it easily takes first place, and in edible qual- 
ities is deservedly popular. 

The people of Michigan, “The Land of the Lakes,” have always had a 
high appreciation of the bass. The great majority of our beautiful inland 
lakes have at one time or another abounded with this excellent fish. With 
acumulation of wealth our people have found more time for leisure and 
recreation and about the shores of hundreds of these rural gems have 
sprung up resorts and summer cottages where the people take their sum- 
mer outings, and angle for the bass. The constant drain upon these lakes 
has created a demand upon the commission for young bass with which 
the wasted stocks may be replenished, until now these demands have 
far outgrown our small ability to satisfy them. 

Until 1893 we had never undertaken to propagate bass, nor had the 
experience of other fish culturists in their artificial propagation been such 
as to serve as an aid in determining the practicability of such opera- 
tion. Under these circumstances we did not feel justified in incurring 
much expense in carrying on our experiments, beyond what was actually 
necessary to determine what could be done with bass under domestica- 
tion. When held in confinement certain animals are so influencd by their 
surroundings that they absolutely refrain from the exercise of the funce- 
tion of reproduction, and this is true of certain fishes. 

The salmonoids have always proven most tractable, and the ease with 
which the artificial fertilization of the ova of this variety of fish as a rule 
is accomplished is proverbial. On the contrary, many of the spiny rayed 
spring spawning fishes prove intractable and but shall success results 
from such operations. So without the knowledge derived from actual 
experience in breeding bass we were somewhat at sea. 
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Our earlier attempts to handle these fish and artificially imprégnate 
the ova led to the belief that it might be successful. Our added experi- 
ence, however, has convinced us that, considering the natural peculiar- 
ities of the bass, and the good results obtained, a much larger success, 
at less expense will result by carrying on the hatching by the pond-cul- 
ture system. 

With a small number of fish carried in two small ponds for three years 
we have achieved excellent results. These operations have been carried 
on under the disadvantages of a poor waiter supply, and we have been 
handicapped in other ways, but we have in the past two years distributed 
from two ponds containing about 100 adult fish 194,800 bass. This has 
been supplemented by 135,000 taken from the natural beds in the Thorn- 
apple, and by 164,000 large mouthed bass taken from a small neighboring 
lake. 

The fact that we were distributing black bass has become known 
and the requests from all quarters for young fish have absolutely over. 
whelmed our feeble capacity to respond to these calls. Believing that this 
growing demand should be satisfied, and knowing that no branch of our 
work would be more fully appreciated, the board has carefully investi- 
gated in the last year about half a dozen possible locations for the 
establishment of a bass station. Most of these places had suitable water, 
but the things most desirable, good water and convenient railroad facil- 
ities for shipment, without large expense for transportation from ponds 
to car were found at none of the places except on Plumbs Creek in Kent 
county. Here is an ample volume of water, the land necessary for the 
station is fairly reasonable in price, and excellent facilities for cheap ship- 
ment is assured. Five acres of land have been secured here upon which 
can be constructedthe necessary ponds, and within a year we should be 
able to distribute five hundred thousand bass from the new station to the 
inland lakes, and in another year we should be able to double that 
amount, and gradually increase the quantity far beyond that capacity. 

It will be necessary at this session of the legislature to provide a suffi- 
cient money to dam the stream above the proposed site to give head fora 
supply for the ponds, to lay the pump logs for carrying the necessary 
water, construct the ponds and required races, and build a small dwelling 
for the resident overseer, a tool house, and to provide for the necessary 
grading and fencing of the grounds. 


GLEN WOOD. 


WORDEN WELLS, OVERSEER. 


This station has been run on the same basis for a number of years, 
and is the station from which carp and gold fish are sent out. 

The carp has proven a valuable fish for the people who buy the cheaper 
varieties. The carp is a rapid grower and attains to a large size. It is 
suited to many of our large ponds and lakes in which other fish are not 
found, and large quantities of carp are sold in the State each year. 

The fish is well suited to pond culture, and when cared for and 
fed well repays for its culture. In New Jersey and in some of the other 
eastern states, the raising of'carp for market is carried on quite exten- 
sively by private parties with profit. The cary does not rank with our 
finer varieties of fish, but is quite superior to any of the sucker family or 
the grass pike, thonsands of pounds of which are marketed every year. 

The board have in the last year discontinued the rearing of gold fish 
at this station, as being outside our province, it being a purely ornamen- 
tal fish. Beyond a few that are given to municipalities for ponds in 
parks, nothing is now done with this fish by the board. 


CHARLEVOIX STATION. 


J. P. MARKS, OVERSEER. 


This station is still run as a relief station for the hatching of eyed 
whitefish ova, and it is only run for about two and a half or three months 
of the year. When the ova has sufficiently developed in the Detroit hatch- 
ery, the quantity designed for distribution in Lake Michigan and in the 
Straits of Mackinaw are sent to Charlevoix, where the hatching is com- 
pleted. In actual operation this station has been of great service. It 
serves as a relief to the Detroit station which before the establishment 
of this station was often filled during the latter part of the hatching 
season with young fish to such an extent that it was beyond the 
capacity of two cars kept in constant employment to free the house of 
fish and keep them in good condition. 

The building occupied at this place is rented, and was put in condition 
for the service required of it at a small cost. It is in charge of one of the 
regular employés of the board during the time it is in commission, and 
is run at a low cost of management. No improvements have been made 
here during the last biennial period, beyond the small repairs necessary 
to keep it in condition. f 

Eventually it would be well for the State to build at this point a 
permanent hatching station for the hatching of lake trout. Charlevoix 
is the most important point for the taking of lake trout in the State, and 
if this fish is to be maintained early attention will have to be given to 
its propagation and distribution. Such a station may be built here at 
a very moderate sum, if the municipality of Charlevoix will consent 
to grant to the commission a free site and a perpetual water supply. 


DE CAR: 


H. H. MARKS, CAPTAIN. 


The car “Attikumaig” has continued to give most effective service in 
the distribution of fish. It is constantly in commission from about the 
first of February to the end of July in each year, and makes an annual 
mileage of between twenty and thirty thousand miles. This includes 
the distribution of trout of different kinds, whitefish, wall-eyed pike, carp 
and black bass, 

The establishment of the station at Charlevoix has relieved the car of 
a large amount of work, and were it not for this the service of another 
car would be required. 

It has been necessary to make far more extensive repairs to the car 
than were contemplated two years ago, and the estimate for this pur- 
pose was considerably below what has been actually spent. With the 
heavy loads carried and with the constant use to which it is subjected, 
it is only a question of a short time before a new car will have to be 
purchased. 

A year ago last fall it was run to the shops and given a thorough 
overhauling and repaired at a cost of about $1,400. On the first trip 
made with it afterwards, when carrying 21,000,000 whitefish ova _ to 
Charlevoix, during one of the severest nights of the winter, she was 
thrown from the track by the misplacing of a switch at Traverse City 
and badly wrecked. All her cargo was lost on account of the severity 
of the weather, and the crew were badly shaken up, but not seriously 
injured. 

The C. & W. M. Ry., who, through an employé’s fault, were responsible 
for the disaster, immediately ran the car to their shops and put her in 
as. good condition as possible. It appeared to be as good as ever, but 
later on it became evident that it had been weakened. It has since been 
necessary to make other repairs to keep it in condition. 

When we consider the large mileage the car runs in a year, and the 
length of time it has been in service, we must admit it is now in better 
condition than might be expected. With the many thousand miles it has 
run this is the only mishap it has had of a serious nature. 

It seems quite desirable, in order to carry fish with minimum chances 
of loss, particularly adult fish, during the summer months, from field 
stations where men are engaged in capture of wild trout for new stock 
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at the different stations, that a plant should be placed in the car by 
which air can be forced into the receptacles in which fish are carried. 
The present method mainly used by us to secure safety in carriage of 
fish is refrigeration, that is, the temperature is lowered by the 
introduction of ice into the water, as well as about the cans. This 
renders the fish measurably dormant and their consumption of oxygen 
is smaller for this reason. But there is more or less danger in this 
method, the water sometimes becoming robbed of the necessary amount 
of oxygen to sustain the fish. There is an additional danger if the utmost 
care is not used, in changing them to water of a greatly different tem- 
perature at the end of the journey. 

By the installation of a pr oper plant permanently in the car, fresh air 
can be forced into the water in which the fish are carried and the danger 
minimized to the lowest point. We have made some investigations as to 
the cost of such a plant, and find that it can be put in at a cost of prob- 
ably about five hundred dollars. We would ask that a sufficient amount 
be allowed for this purpose. Once in working order, it will greatly 
improve our present method, especially in the handling of adult fish in 
hot weather. 


COURTESIES AND. EXCHANGES. 


We desire to acknowledge the receipt of 35,000 black spotted trout 
donated by the U. S. Fish Commission from the Leadville hatchery. 
This fish is a native of Colorado streams and is esteemed as a good game 
fish. It is said to grow more rapidly and to a larger size than the brook 
trout or rainbow. When hatched and ready for distribution, these fish 
were placed in the Pere Marquette and Little Manistee rivers. The 
plants were made in fewer streams than they otherwise would have been, 
in order to get earlier results, and that we might thus learn as soon as 
possible how this new fish would thrive in our waters. Should he do 
well, these plants can be hereafter supplemented with others and be 
given a more widespread distribution. 

We also received from the same source 481 gold fish and 150 adult 
brown trout, which were planted in wild streams and donated to 
applicants. 

The New York Fish Commission in January, 1895, donated 50 adult 
female rainbow trout, 100 yearling rainbow trout and 100 yearling brown 
trout. 

The thanks of the board are due to the Canadian authorities for grant- 
ing permits to this board to take ova of the brook trout and salmon 
trout in their waters, under the condition, voluntarily given, that we 
would return a good plant of young fish when hatched to the water from 
which they were taken. 

An exchange of 100,000 eyed ova of brook trout from the Sault station 
was made with the Castalia, Ohio, Fishing Club, for an equal quantity 
of trout ova from that station. 

We desire to acknowledge the courtesy extended by Mr. Wheeler, 
superintendent in charge of the Sault canal and improvements, and to 
Hon. Andrew Jackson, for donations of gravid female brook trout during 
the fall of 1896, from the fountain at the locks and from private aquaria, 
which were a material addition to our small stock of spawning i at 
that station. 


SUA iowi Al AGHNITS REPORT. 


Detroit, December 31, 1896. 

To the State Board of Fish Commissioners—Having completed the can- 
vass of the commercial fisheries of the State and the compilation of the 
statistics under your direction, I herewith submit a narrative statement 
of their condition for the years 1894 and 1895. 

For convenience in making comparisons, conducting and tabulating 
the work, the lake coast of the State was divided into five districts 
in 1892, which are as follows: 

Ist district includes the Detroit river from Detroit to Lake Erie, and 
all of Lake Erie lying within the State. 

2d district, the east shore of Lake Michigan lying within the State, the 
Fox and Manitou Islands, the Straits of Mackinaw and the north portion 
of Lake Huron as far south as Rogers City. 

3d district, the north shore of Lake Michigan lying within the State, 
including Green Bay, the Beaver Island group and the north shore of 
Lake Huron to Detour. 

4th district, the west shore of Lake Huron from Rogers City to Port 
Huron, including the St. Clair river, Lake St. Clair and Detroit river to 
Detroit. 

5th district, all of Lake Superior lying within the State, Isle Royal and 
Sault Ste. Marie to Detour. 


DISTRICT, NO. °1. 


The waters of this district being shoal, the fishing is carried on almost 
entirely with pound and fyke nets, a few gill nets being fished from 
Monroe. The catch consists largely of rough fish, perch, suckers, carp, 
etc., although of the better kinds of fish a good many wall-eyed pike 
are taken, also a few sturgeon and whitefish, the annual catch varying 
with the seasons, as shown in the following table: 

In this district, I have to note an annual increase of the German carp, 
which are prolific and of rapid growth. The grounds about Monroe being 
so well adapted to them, it is the opinion of the fishermen in that locality 
that other kinds will gradually disappear and that they will compose 
the principal part of their catch in the near future. The commercial 
value of the carp is from one-half cent to three cents per pound in the 
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round; governed by market conditions, as are all other kinds of fish. 
Some of these fish attain a weight of twenty-five pounds each. One of the 
most profitable fish caught in this district, the sturgeon, are falling off 
each year, with little hope of restoration. 

Whitefish were at one time very abundant in this district, but have 
been fished out until the catches had become very small compared with 
former years, but since the planting of whitefish fry began they have 
been partially restored. The catch of whitefish in this district in 1895 
was 45 per cent better than that of 1893. There appears to be no feeding 
grounds for the young whitefish in the west end of Lake Erie, at least — 
I find very few are caught in the pound nets fished there during the 
summer. | 

The catch of pike, perch or wall-eyed pike in this district for the year 
1895 was nearly double that of any of the four preceding years, thus 
showing that they withstand the continued fishing of these waters better 
than any of the more valuable kinds of fish. The total product of the 
fisheries of this district for the year 1895 was something over 1,500,000 
pounds. Of this catch, 104,000 pounds were whitefish, reported as being 
adult fish; 429,000 pounds of wall-eyed pike, 226,000 pounds of German 
carp, the balance being made up of other kinds, largely suckers and 
perch. 


DISTRICT NO. 2. 


This district embraces an extensive lake coast and presents some fea- 
tures of the industry not found in the first district, most prominent of 
which is a kind of fish termed by the fishermen of that locality long jaws. 
While they are essentially a deep water fish their general appearance, the 
decided protrusion of the under jaw and their size indicate that without 
doubt they belong to the herring family. They are chiefly caught in forty 
to seventy fathoms of water with large gangs of gill nets fished with steam 
tugs, from St. Joseph and Grand Haven, two of the largest fishing sta- 
tions in this district. When put upon the fresh fish markets for sale, 
they are dressed the same as the whitefish and trout and their price to 
the fishermen for the past two years has been from two to two and one- 
half cents per pound. To a considerable portion of this catch, however, 
these prices do not apply, as many tons of them are sold at a less price 
to smokers, being too small to ship fresh. 

And here I have to note the yearly decrease in the catch in number of 
fish at these places since 1893—as well as the rapid decrease in pounds. 
In 1891 the gill nets in general use by the fishermen of this district for the 
catch of long jaws were of three-inch mesh and they were continued in 
use, with perhaps a few exceptions, till 1898, when a reduction of the 
meshes began, and in 1895 a 24-inch mesh net was in general use. The size 
of the mesh tells what the size and character’of the fish is, and the 
following figures for each of the years referred to will show the devasta- 
tion such destructive methods have brought to ue) fisheries of this dis- 
trict. 

For the year 1893 the catch of this kind was 4 297 (25 pounds; 1894, 
2,455,850 pounds; 1895, 1,649,933 pounds. Showing the annual decrease 
to be nearly one and a half million pounds. They are a cheap fish, 
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and are of much less importance than the whitefish and trout which 
compose the largest portion of the catch in this district, and by far the 
most valuable part. 

During the same period the whitefish and trout suffered a marked 
decline, but it has not been quite as rapid; the causes, however, have been 
the same, namely, the fishing of small mesh twine in both the gill and 
pound nets which are exte nsively used in this district. Large outfits of gill 
nets are fished fromSt. Joseph, Grand Haven, Manistee, Frankfort, Charle- 
voix and other smaller stations along the shore, and pound nets along 
the shores in waters adapted to them. The constant fishing for lake trout 
at all seasons of the year, which is true of the south end of this district, 
when the winters are mild and the harbors are open, together with the 
taking of voung trout with small mesh gill nets used in fishing for long 
jaws and blackfins, no doubt has had “much to do in depleting these 
waters of the lake trout. 

In 1893 the catch of lake trout of this district was 2,498,400 pounds; in 
1894, 2,045,900 pounds; in 1895, 1,734,350 pounds; showing an annual 
decrease of nearly one-half million pounds. 

In speaking of ‘the whitefish catch of this district. and referring to the 
causes that have led up to its decline, the reasons herein given hav e been 
gleaned from personal investigations, and apply with equal force to the 
whitefish grounds all over the great lakes. In considering the different 

varieties of fish of these vast bodies of fresh water, in commercial 
importance the whitefish takes precedence over them all, therefore their 
destruction is of much greater significance. At one time they were most 
plentiful in all these great lakes, so peculiarly adapted to them, 
and continued so until the introduction of the pound net. Some 
years ago this device came into general use by the fishermen, not only of 
this district, but throughout the entire chain of lakes, and very soon 
after its advent came the rapid destruction of ‘the whitefish. So well 
adapted are these nets to their capture, from the fact that the fish go in 
schools and are good leaders, they are easily taken. The mesh of the pots 
in pound nets now in general use are so small that when the fish are once 
in the pound their escape is impossible. From personal observation 
and the statements of fishermen themselves tons of little whitefish have 
been thrown upon the shores, too small for any use except for fertilizing 
purposes. The inevitable conclusion is that this mode of fishing is one of 
the most potent causes of their gradual extermination from these waters. 
The good results obtained from their planting, which the fishermen 
themselves endorse in strong terms, are to a very great degree neutral- 
ized by the wasteful methods of fishing practiced. 

In this district the catch of whitefish for the vear 1893 was 1,158,500 
pounds; 1894, 953,705 pounds; in 1895, 603,490 pounds; showing a large 
annual decrease, and for the years 1894 aah 1895, one-half million pounds 
of these were immature fish, chiefly No. 3’s and under. | 

The sturgeon, now a most valuable fish, and very abundant at one time 
in this district have also suffered a great decline, and being of slow 
growth the capture of the immature fish (which might easily be returned 
to the waters alive when taken and in all cases should be) means an 
earlier destruction of the sturgeon than perhaps any other valuable fish 
in this district. 
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DISTRICT NO. 3. 


This district embraces the north shore of Lake Michigan and the 
Beaver Island group, and the extent of its lake coast is about only one- 
half that of the second district. The general features of the industry, how- 
ever, and the appliances used in fishing are the same, and the value of its 
products are nearly equal to that of the second district. The largest 

catch of any one kind of fish in this district are the shoal herring that are 
taken in Green Bay from Menominee north on the shore a distance of 
fifty miles, where fifty-two pounds nets are fished with an annual produc- 
tion of over two million pounds, and at Gros Cap, between Pt. Aux 
Chenes and Pt. St. Ignace. The shoal herring leads in the catch of the 
third district, and the deep water herring in that of the second district. 

In Green Bay there has been a slight increase m pounds of 'the herring 
catch for the past three years, but there has also been a marked decrease 
in their size, owing to the small mesh used in the pounds of the nets 
fished upon those grounds. 

The Menominee, a mongrel whitefish, ranking in value somewhat 
better than the herring, are caught in Green Bay and down the shore of 
this district with gill nets in considerable quantities, and are becoming 
quite a factor in the gill net catch. They are used exclusively for salting, 
being a soft fish, are of larger size than the herring, and more valuable. 
The reduction of the mesh from 84 to 24 inches is having a serious effect 
upon them also. 

Wall-eyed pike, which are always found in greater abundance in large 
rivers, or in bays where such rivers have their outlets, are chiefly caught 
in this district in Big and Little Bay De Noquette, and constitute by far 
the largest and most profitable portion of the catch in that locality, 
and the quality of the fish caught here is excelled nowhere upon the 
entire chain of lakes. 

The sturgeon catch of this district is about the same as that of the 
second, and the persistency of the fishermen in taking the small sturgeon 
is showing its effect. 

Last, but not least, attention is called to the whitefish and trout catch 
of this district. W hile the catch of these varieties is considerably less in 
pounds, their commercial value is equal to the combined catch of all the 
cther kinds put together. The decrease in the catch of lake trout here is 
marked, but it has not been as great as in the second district. In 1894 
the catch was 993,945 pounds, and in 1895 was 768,150 pounds, which 
Shows a falling off of one-quarter million pounds. From informa- 
tion gathered from the fishermen, whose experience goes back a 
quarter of a century or more, the whitefish grounds of Green Bay and 
the entire shore of Lake Michigan lying within this district, together 
with the shoals and reefs included therein, are the best adapted to this 
fish, and have been the most productive of this most valuable kind of 
fish of any waters lying within the State. Owing to the methods of 
fishing with pound nets, which are the same as those referred to in the 
second district, and to the vast amount of sawdust and mill offal carried 
out of the Manistique river, covers the bottom of the lake for miles 
in every direction, there has been an annual decrease since 1893 of over 
340,000 pounds. 
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In 1893 the whitefish catch of this district was 1,296,450 pounds; in 
1894, 742,800 pounds; in 1895, 616,160 pounds—550,000 pounds of the last 
two years’ catch, which is nearly one-half, consisted of 2’s and _ 3’s, 
many of them being of the herring grade. Just so long as this method of 
taking the young whitefish is permitted, just so long will the whitefish 
surely and gradually disappear and the work of planting be robbed of 
its results. 


DISTRICT, sNO. 4, 


The extent of coast embraced in this district is about the same as that 
of the second, but some of the features presented differ from those of any 
of the other districts. The appliances used in taking fish are the same, 
except that in the waters of Saginaw bay and Saginaw river, which are 
shoal, a vast number of fyke nets are fished. They are used and operated, 
however, upon the same principle as the pound nets, having leads and 
hearts and a bag or pound. From Rogers City to, and including Au Sable, 
pound nets are fished at some of the stations, but by far the larger por- 
tion of the catch is made with gill nets and consists chiefly of whitefish 
and trout, fully three-fourths of the catch being lake trout. 

The fisheries of Saginaw bay and Saginaw river, inside of a 
line drawn from Au Sable Point to Pt. Aux Barques, in 1894, pro- 
duced in the aggregate 9,834,271 pounds of fish, and the outfits used 
in their capture were nearly all pound and fyke nets, the total number 
used being about five hundred. Of this catch, about two million pounds 
were whitefish, trout and wall-eyed pike; the balance were chiefly rough 
fish of small market value. The local laws now in effect prohibiting the 
catch of small fish of the various kinds in this locality, with a good 
enforcement of the same, would be of great benefit to the wall-eyed pike, 
but none whatever to the young whitefish, as it does not apply to the 
fishing grounds where they are taken. 

From Port Austin to Port Huron, pound nets, gill nets and seines are 
used by the fishermen, the catch consisting of whitefish, lake trout, 
sturgeon and herring. Near the outlet of Lake Huron at Fort Gratiot, 
more sturgeon are caught than at any other place in the State, and their 
yearly decrease in this district is quite as pronounced as that of any of 
the others. The fishing from Port Huron to Detroit, which completes 
the review of the fisheries of this district, is carried on with hook and line 
and seines in the St. Clair river, and pound nets and seines in Lake St. 
Clair and Detroit river, the product of the catch being wall-eyed pike, 
whitefish, and a considerable portion of rough fish. The baneful effects 
of pound net fishing in this district upon the whitefish is shown, 40 per 
cent of the catch being 2’s and 3’s and under. 


DISTRICT NO. 0. 


This district embraces the entire coast of Lake Superior lying 
within the borders of the State, Isle Royal and the Sault river, to 
Detour, at the head of Lake Huron. It is the largest of- any of 
the subdivisions, and the catch of whitefish and trout is largely 
in excess of that of any of the other districts. The manner of fishing 
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these waters,and the appliances used in the capture of fish are the same 
as elsewhere adopted by the fishermen; the catch consisting of white- 
fish, trout, pike perch, herring and sturgeon, and in _ order above 
named as to quantity and marketable value. 

The trout catch of Lake Superior consists chiefly of the siskowet 

variety, which is not as well adapted to the fresh fish markets as the 
Mackinaw or shoal water trout, being we fat; but when salted, it finds 
a ready market. 

Throughout this district pound nets, gill nets and seines are fished 
upon the grounds best adapted to each of these devices, and the kinds 
of fish taken have already been enumerated. Pound nets are fished 
from the following stations in this district, viz.: Union Bay, Ontonagon, 
at the outlets of the Flint Steel, Fire Steel and Sleeping rivers, Eagle 
Harbor, Copper Harbor, Bete Grise bay, Traverse bay, Portage entry, 
Fewsville, Catholic Mission, Baraga, L’Anse, Huron bay, Big bay, Mar- 
quette, Au Train, Old Munising, Grand Marais, Whitefish Point, White- 
fish bay, the Sault river and Detour. At many of the above stations gill 
nets are also fished, but principally from Isle Royal, Ontonagon, Portage 
Entry, Marquette, Grand Marais, Whitefish point and Detour. 

Each year since 1891 there has been a marked decrease in the catch 
of whitefish and trout in this district, but the depletion of whitefish 
has been much greater than that of the trout, as shown by the follow- 
ing data. In 1891 the catch of trout was 3,772,500 pounds; that of 1895 
was 2,555,615 pounds, which made the falling off of trout during that 
period 1,216,885 pounds. The whitefish catch of 1891 was 4,819,900 
pounds, and in 1895, 1,717,220 pounds, showing. the decrease of ‘the 
whitefish during that same period to have been 3,102,680 pounds, or 
nearly three times greater than that of the trout. 

Of the 1,717,220 pounds of whitefish caught in this district in the 
year 1895, 470,000 pounds were immature fish and every ground in this 
district fished with pounds nets furnished a portion of this amount of 
small whitefish in greater or less quantities, but more notably so at 
Marquette and Detour, where liberal plants. of whitefish have been 
made during the past five years. In this district, as well as in the others, 
the use of the pound net is the chief device, in the destruction of 
the young whitefish. The herring caught in this district are principally 
taken at the Calumet water works, Portage Entry and Marquette. They 
are of little importance, however, as the total catch for the year 1895 
was only 207,000 pounds. 

At all of the above stations small whitefish are taken and the fisher- 
men in reporting their annual catches, put them in under the guise 
of herring. This is especially true of the reports taken at Marquette | 
and is amply verified by some of the fishermen at that station. 

The catch of immature fish and the wasteful manner of fishing prac- 
ticed by the fishermen throughout Michigan’s entire lake coast, especially 
where pound nets ‘are fished, is a matter of great concern, and is doing 
more than any other one thing to entirely deplete the great lakes of 
whitefish, and must ultimately ruin the fisheries of our State. For 
example: At Mackinaw City in July, 1895, sixteen packages (or half 
barrels) of salt whitefish caught with pound nets a few miles below, were 
brought there and sold. Opening a package for inspection, we took out 
eight fish and put them on the scales, and the eight fish weighed only 
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one pound. This showed that the package contained 800 fish that net- 
ted the fishermen only seventy-five (75) cents! Could these fish have 
remained in the lake two years, they would have attained a weight of 
at least one and a half pounds each, and the 800 fish would have weighed 
1,200 pounds. At four cents per pound they would ‘have brought the 
fishermen $48.00 as against 75 cents. 

In July, 1896, at this same fish house at Mackinaw City, the entire 
catch of a pound net fisherman a few miles above, for the months of 
June and July of that year, was brought by this firm and an examination 
of their books disclosed the following fact: Total catch eighty-nine (89) 
packages of salt fish. On inspection they were graded as follows: 60 
packages No. 3 white; 19 of No. 2 white; 3 of No. 1 white, 4 of herring, 
2 of suckers and 1 of trout. 

The commercial fisheries of the State, extending over a lake coast of 
two thousand miles, employ about five thousand men, with an annual 
production of 87,000,000 pounds of fish food, that brings to the fishermen 
each year over $1,000,000, makes it a most valuable industry; an industry 
that should be fostered by the State, both by the liberal appropriation 
of funds’ for the artificial propagation of fish with which to stock the 
waters of the great lakes, and by the passage of good and wholesome 
laws, with a thorough and efficient enforcement of the same for the 
protection of the young whitefish, also the adult fish during their 
spawning season. 

Respectfully, 
C. H. Moors, 


Statistical Agent. 


In connection with the foregoing report the following diagrams are 
published to emphasize the fact: 


Diagram showing decrease in po 


unds of whitefish caught in Michigan waters in 1885, 


1892, 1893, 1894 and 1895. 


1891, 


UUs SEEEDEEESESETGBEEEEE® Caceeeeeee 
228 55 ch Beas. wee Uae a eee 
Ee ee re 
eo Les el WM CL 9 as 5 
Se tee fd 
pee re eel Ses oe ee eee ee eS cise) 
cee ee see eee ees Rees Soe ele eee Saeee 
Be uaaesessenssseeeec ceseeesseensened 
Bee PEskhhe es saan e@ at Eeeeeerl oe sciaees 
ia ee eralsr cis ISL siete 1s Sells false 
SEBS Spe Bae Se Se Ss ORR es Sees se sea 
PEEEEES Ee ARSE 
S2S5 0. 060s 20 lee 2a ee oe eeeeeroneos &: 
me eee eer sisi SE idyll See) 
tt et 
eo SS Seared aaa ee eeee 
be oo ees oe eae ss (ee eee i2e ee eee ee Se 
Seo even. Nae ee see eee ee eee 
HbR pe A 
eee eee + +4 EA ++ 
i See Beeabeveekee ee Seek ee 2eak ae. 
Se Ber 2eC BRS Se: ie One eE Ss aeemennin 
Zaceae ee eae. Met df 
HS See eae eee sae sees ss eeasas 
CRC ea | 
Eis SS Shee Se 7 eae ee ee aes eaes 
hee Hp pe 
ee es a ee Re 
S SB EESEs SaEeESeCee fe eel eet ++ H+ 
Sy SaaS eee Ree eeeeeee eels 
Ble ele Hae Bee EE es Be SS se +; 
a Seb e See ae HERE HE 


Diagram showing decrease in pounds of lake trout caught in Michigan waters in 1891, 
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Diagram showing increase in number of nets used in Michigan waters in 1885, 1891, 
1892, 1893, 1894 and 1895, 
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LETTERS OF COMMERCIAL FISHERMEN. 


ON THE DECAY OF THE FISHERIES AND CAUSES, AND THE SUCCESS 
OF ARTIFICIAL PROPAGATION OF FISH. 


HSCANABA, MICH., Dec. 5, 1896. 


Your letter at hand and noted. In reply will say that we noticed more small 
whitefish were caught here last summer and the summer before than in the seasons 
previous thereto, and furthermore, that those small whitefish indicate by appear- 
ances that they are planted fish. 

Respectfully yours, 
HANSON & JENSON. 


MARQUETTE, MicuH., Dec. 10, 1896. 


Kxindly note enclosed item, taken from Daily Mining Journal published in town 
here. Item is self explanatory. I am sure you can agree with me that this would 
be very injurious to fishing here, especially for whitefish, if it is carried through. 
These people have been catching young whitefish for herring pretty nearly all 
season until law was enforced recently. Kindly do what you can to stop this, as it 
is no use planting whitefish here and having them caught and sold for herring. 
Ixindly send me a copy of fish and game laws for reference. 

Yours truly, 
JOHN PARKER. 


Bay City, Micu., Dec. 4, 1896. 


Your letter received. Have been very busy and no time to answer the question 
asked. 

Now all I can say is this, that while the planting of whitefish in my opinion would 
be very beneficial, it has not been allowed to show itself, as unscrupulous and ignor- 
ant parties have caught and salted too many sinall ones. ‘That a great many small 
fish have been taken is very evident to yourself and the greatest wonder is that even 
a small percentage of these fish that visit the feeding grounds ever attain the size 

they do. 

' TIT should say keep on planting fish, but for heaven’s sake do stop the catch of 
‘small ones by strict laws duly enforced. 
Yours truly, 
D. A, TROMPOUR. 
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Au SABLE, Micu., Dec. 4, 1896. 
. Mr. C. H. Moore: 


DEAR Srx—Yours to hand several days ago and in reply must say that Mr. Whita- 
ker’s letter or communication in the press of this date voices my sentiments in 
regard to Mr. S. H. Davis, and in fact nearly all the large fish dealers are in the 
same boat—all self. ‘ 

Now, Mr. Moore, there is one thing I would like to impress on your mind and 
that is, whatever laws you people make or cause to be made, you want to regulate 
the size of mesh in trap nets and gill nets, but don’t be led away with the idea that 
the size of the fish, say one and one-half pounds, would stop the catching of small fish 
not in the least, for, as a matter of fact, if the mesh was ten inches, we would often 
catch small fish. Then what would you do with the small fish? Would you throw 
them away, or what would you do with them? 

You can rest assured that I am at your service at any time and all times to give 
you all the information I can, but don’t make laws that a man will have to break 
or else go out of business. Make the mesh whatever size you like, but have the 
good sense to leave the weight alone, because we can and do, and can’t help but 
catch some small whitefish and trout in our gill nets, and Davis, Alpern, and all the 
rest know it full as well as I do, but the amount is small. But look to the trap 
nets. That is where your sinall whitefish are murdered. 

Yours respectfully, 
D. LINCOLN. 


THOMPSON, Micu., Dec. 11, 1896. 


As I understand, there is a scheme to do away with the State hatcheries. Now, I 
think that would be the worst thing that could be done to the fishing business, for I 
am a fisherman and have been at the business for twenty years, and know that 
before there were any fish planted on the grounds at Bark Point and vicinity, there 
were hardly any fish to be got; could not make it pay to fish for them, but since 
fish have been planted we are having a good increase every year. This year our 
catch was nearly double what it was last season. 

Now, I will close by saying I hope that the State will continue to hatch and plant 
fish until it will be up to what it used to be in the fishing business. 

Yours truly, 
SIMON J. BOUSCHOR. 


EPOUFETTE, MACKINAC County, Micu., Dec. 6, 1896. 


Yours of the 21st is at hand and contents noted. Would say in regard to the plant- 
ing of whitefish in the waters of Lake Michigan and the Straits of Mackinac that 
in my opinion it is a suecess so far as the young fry living is concerned. The 
greatest and only trouble in my opinion is in allowing the fishermen to take them 
out before they mature by using small mesh nets, that is in the pound or trap nets. 
I do not think that gill nets have much to do with the destruction of whitefish, that 
is the nets they use for menoninees, say 234 to 38-inch mesh. I have examined them 
closely and have not found one whitefish in a boat containing from five to eight 
packages. 

Now in regard to pound nets. Those little fish will strike the leader and go swim- 
ming backwards and forwards through the twine until they finally bring up into the 
pot, where they are at a standstill, as the mesh is too small for them to get free, 
and they have to be taken out by the fishermen, and those that are herring size are 
salted and those that are too small are dumped in the offal heap. 

Now I have been a pound net fisherman for 36 years and I conceived this idea 20 
years ago, that if we caught off the small fish before they came to maturity, we 
soon ruin the lakes of the finest fish that inhabits fresh waters, and for that reason 
I would not use less than 4-inch mesh for my pots. I owned a good scope of ground 
and was not troubled with other fishermen. There was not a season but my ground 
paid something, some seasons more than others, until about five years ago, when 
they saw I was getting fish and was over one mile from shore so they had as good a 
right as I had to the ground, and then they planted nets on both sides of me, and for 
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the first two years they caught about as many No. 1’s as I did and put up hundreds 
of No. 2’s and 3’s in packages. The fourth year they caught nothing, neither 
did I. 

Now, I will give you my opinion about the planting of whitefish. If they were 
allowed to mature, I believe they would average 75 per cent. If no fisherman could 
fish a smaller mesh than 4 inches, with the help of the State in five years, fish would 
be as plenty as they were thirty years ago. 

Yours respectfully, 
J. R. McLEOD. 


DETOUR, Micu., Dec. 29, 1896. 
C. H. Moore, Esq.: 


DEAR Srr—You ask my honest opinion as to what I think about the planting of 
whitefish fry. I have always been a strong believer in it, and from my actual 
experience as a fisherman for over thirty years at this point, there is no question 
in my mind, and in fact I almost know it to be a fact, that if we had no hatchery 
to furnish and plant the whitefish fry, the whitefish would have been almost extinct 
today. As itis, about 90 per cent of all fish caught now are what we eall “‘hatchery”’ 
fish. 


Iam yours respectfully, € 
SAMUEL BUTTERFIELD. 


St. JOSEPH, Micu., Dec. 21, 1896. 
C. H. Moore, Detroit, Mich.: 


DEAR Sir—On returning home from a leave of absence, I found your letter in 
regard to planting whitefish fry awaiting me and hasten to answer. 

My opinion is that we are getting good results now from the planting of whitefish 
fry, aS you will see on your next visit to St. Joseph. I caught this year more than 
double what I caught last year with the same number of nets, and expect to catch 
more next season, and I think that the increase of fish is from the planting of white- 
fish fry, and I am heartily in favor of continuing the same, as the fish are getting 
more plentiful each year as your report from this station will show. 

Nery respectfully, 
W.L. STEVENS. 


WHITEFISH Point, L. S., Micu., Dec. 12, 1896. 
To the Honorable Board of Fish Commissioners, Detroit, Mich.: 


GENTLEMEN—It gives us great pleasure to report to you the success of the plant- 
ing of whitefish in our immediately vicinity, and we do not hesitate in saying that 
our cateh has been heavier the past few years. 

The question may arise on what do we base our authority for making such a 
remark, and it is briefly answered. The spawn which has been gathered from the 
Detroit river and the lower lakes and bays create a fish different from our regular 
Lake Superior whitefish, both in quality and form. We must say, however, that the 
original Lake Superior whitefish is superior and will also bear transportation bet- 
ter, as they seem more firm. We sincerely regret that the season for gathering 
spawn on this lake is so rough that it is next to an impossibility to do so. 

Hoping that you will be able to continue your good work. 

We remain, respectfully yours, 


C. ENDRESS & SONS. 


St. JAMES, BEAVER ISLAND, Micu., Dec. 19, 1896. 


Drar Srr—I found you letter on my return from Chicago and noted contents. 
From.my observation the propagation of fish has helped to increase the whitefish, 
and they would be increased still further if the mesh of pound nets was 4 inches 
and all employed in the fishing business were forced to comply with the law. We 
had a good catch this fall. 

Yours truly, 
JAMES McCANN. 
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DeETouR, Micu., Dec. 30, 1896. 


DEAR StR—You asked me to write you what I thought of the success of the plant- 
ing of what we eall hatchery fish. I’'rom the expressions heard on all sides from our 
fishermen here, there is no doubt but what it is a success. We see it more in the 
whitefish than in the trout, as whitefish have been getting Scarce every year for a 
number of years and our men claim that most all they catch now are hatchery 
whitefish, and it would disappoint us in more ways than one if the planting of them 
was stopped, which I hope it will not be. 

Iam yours respectfully, 


JAS. T. BENNETT. 


St. JOSEPH, Micn., May 22, 1895. 


We, the undersigned, residents of this city, for the past twenty years or more, 
have during all those years been actively engaged in fishing either with pound nets 
or gill nets out of this station in Lake Michigan and having noted the gradual 
decline of our yearly catches, are most decidedly of the opinion and belief that 
unless immediate protection is given to whitefish and lake trout, the waters of our 
great lake@ will in the near future become practically depleted of these kinds, 


thereby destroying a most valuable industry. Therefore we would suggest that the « 


State of Michigan adopt wholesome laws with this end in view, and we hereby 
wedge ourselves to support the same and co-operate with the State Fish Commis- 
sioners in framing a law to protect the immature whitefish and lake trout, also a 
‘close season during the spawning period of these two most valuable kinds of our 
lake fish. 

HABIEL BROS. & CO., 

WM. HABIEL, 

H. MOLLHAGEN, 

ALEX. CRAU, 

AMIL RISTO, 

©. MOLLHAGEN & SONS, 

H. O. WILSON, 

COLLUM RIGNEY. 

All the above signatures are St. Joe fishermen. 


[From Detroit Evening News, Dec. 28, 1892.] 
RAISING WHITEFISH. 


E. A. DAVIS DEFENDS THE WORK OF THE FISH HATCHERIES. | 


_ To THE EpirorR—I cannot help replying to the interview in your paper of the 22d 
inst., contributed by C. W. Gauthier, the wholesale fish dealer of Windsor, on fish 
fry. While Mr. Gauthier has been a catcher of fish all his life, I think his experience 
in the propagation of fish is very limited. I have experimented considerably in the 
raising of whitefish artificially hatched, and have obtained my fish fry from the 
government hatcheries. Of 2,000,000 young whitefish which I planted last April, I 
will venture to say 90% are alive today and thriving hale and hearty. If the gentle- 
man can spend the time, I would be pleased to have him join me the fore part of 
January and I will take pleasure in showing him the little fish all alive. I will not 
attempt to answer his entire attack on the International Fisheries Conference, but 
I think he is doing them a great injustice. If it were not for the fish commission 
and the artificial propagation of whitefish, I think Mr. Gauthier would find white- 
fish a great deal searcer than they are today in our lakes. 
I have given fish culture a great deal of study in the last twelve years, aS well as 
being a practical fisherman and I consider Mr. Gauthier away off, and can prove to 


him that he is. . 
: . EB. A’ DAVIS: ° 
Detroit, Dec. 23, 1892.: 4 
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Bay City, Micu., Jan. 6, 1897. 
C. H. Moore, Detroit, Mich.: 


DEAR Srr—Here are the whitefish. No charge on our part. Pardon delay. I have 
been more than busy and am yet. 
These are smallest we have and fully twice as large as the usual run of small 3 
white. 
I am with you if this business can be stopped. 
Yours truly, 


D. A. TRUMPOUR. 


St. IGNAcE, MicH., Jan. 22, 1897. 
Mr. Herschel Whitaker, Detroit: 


DEAR Srr—Your favor of the 22d inst. is received. In reply would say that we 
have no fish of the kind you desire on hand at present. All our fish were shipped to 
Chicago and stored there last fall to save freight by rail during the winter. 

In the 400 half barrels we have there it is very doubtful if there is any of the 
kind you mention, unless they are mixed with herring. As you are aware, very few 
if any, are caught during the fall months. The spring and early summer is the 
time small whitefish are taken in large quantities. 

Wish you ever success in your fight with the commercial fishermen, who care 
nothing for the propagation of fish when such propagation seems to conflict with 
their own individual gains. 

I remain, 
Sincerely yours, 
M. CHAMBERS. 


St. Ienacz, Micu., Feb. 16, 1897. 
Herschel Whitaker, Esq., Pres. Mich. Fish Commission, Detroit: 


DEAR Sir—Yours of 9th received and in response to your queries will say, that in 
my opinion the principal abuses of the fisheries is in the use of small mesh in 
pound nets; the taking of the small fish during the months of June and July, when 
they come on the grounds to feed; the taking of fish in the fall on the spawning 
grounds (say from 20th October to 20th November); also, another, and in my opinion 
one of the greatest abuses, is the fishing with tugs and throwing the.offal into the 
lake, as the decay of such offal will drive the whitefish from their feeding grounds. 

My experience with the small mesh, briefly stated, is as follows: I commenced to 
fish pound nets in 1860 with a mesh of pot or crib of 2% inch. That season until 1st 
September caught 75014 barrels, 400 of which were No. 2’s and 3’s. The next 
season, on the same grounds, I caught 400% barrels, 100 of which were No. 1’s. The 
third season I rented the same gounds and the parties did not get 50 pkgs. It then 
became apparent to me that the small mesh was destroying the fish by killing off 
the young fish, and from that time I kept enlarging the mesh from 2% to 3% inches, 
until 1880, when I formed a copartnership with Mr. Goodreau of Epoufette. My 
twine was getting poor, necessitating new pots. Without consulting Goodreau, I 
got 4-inch mesh for pots, and the first lift I made with them I got 17 pkgs. and 
Goodreau got 24 pkgs. with his old nets. He considered I had done him an injury 
by getting so large a mesh, as he was getting 144 more fish than I was, and had to 
divide equally. We owned together 21% miles of shore, divided the same, I taking 
the west and he the east portion. He kept on fishing the 2% and 3% inch nets 
until 1890, and the last four years he did not catch fish enough to pay for the 
stakes. I fished my ‘ground during the same time with the 4-inch mesh and there 
never was a season that it did not pay me well until 1893, when others, finding out 
I was fishing over a mile from shore, and consequently had as good a right to the 
_ground as I, they set 2 and 3% inch mesh nets alongside of me, and caught as many 
No. 1’s as I did and put up 500% barrels No. 2. They have continued to fish along- 
side of me every year since then, and the ground has failed each year. My opinion 
- is, and in the light of experience I honestly believe, that if this ruinous practice 
is persisted in, in ten years time whitefish will be as scarce as oranges in Alaska, 

To correct these abuses, stringent laws should be enacted, prohibiting the fish- 
ing of pound nets having less than 4 inch mesh in pots, and maintaining a close 
season from the 15th of October to the 20th of December in each year. 
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In regard to propagating fish, I am satisfied it is a good thing, as from my obser- 
vation they have nearly all lived that were put in the lake by the Fish Commission. 
I base my opinion on the ground, that, where they have been planted there has. 
been great numbers of small fish caught two years after, all uniform in size, and 
in places where there had been no fish caught in years; also they are somewhat 
different in make or form; they are thicker than the lake fish, according to the’ 
length. 

In conclusion will say that if the health of my family and ee will permit, I 
will be pleased to meet you at Lansing, upon notification. 

: J OHN R. McLEOD. 


MANISTIQUE, Micu., Dec. 8, 1896. 
Michigan Fish Commission: | 

GENTLEMEN—Thought I would drop you a few lines as there is some in doubt to 
the benefit derived in planting fish. I have been engaged in tug fishing for the 
past 18 years and have marked the increase on grounds that had been fished out 
before they commenced planting fish. 

I have been in the employ of the’A. Booth P. K. G. Co. for the last five years out 
of Manistique, and have planted each spring on grounds where there used to be 
fish years ago, but of late there was none until the last three years and this fall 
fishing was better than the two previous years and those fish I speak of are mostly 
whitefish and altogether like the Lake Erie fish. They are all about of a size and 
have no spawn in them. That is the reason I am positive they are planted fish. We 
also get small trout. 

I have fished all the lakes and have found it the same all over from four to five 
years after they commenced planting fish, more so on inside grounds. 


Yours truly, 
CAPT. JOHN NOLAN. 


St. JAMES, Micu., Dec. 23, 1896. 
Michigan Fish Commission, Detroit, Mich.: 

GENTS—I have been called on, and I think it is a great duty to give my experience 
this 25 years on Lake Michigan and ten years on the ocean, but in particular of the 
decline of our great industry on our lakes here. 

First, in 1870, when I came on these lakes, it was then new and wherever you 
put out nets you got whitefish and trout. They are very scarce now and I will give 
my reasons for the decline. Will commence at Manistique, where you could get 100 
pounds to a net clear to Seul Choix. Now it is a failure. Why? The whitefish is a 
clean fish and feeds on feeding grounds in certain seasons of the year and on 
worms. They commenced dumping sawdust in the river at Manistique, which 
floated away in fields like fields of ice till it got water soaked and sank. Wherever 
this body of rank filth and dust covered the feeding ground, the fish had to go 
away and the young ones starved in my opinion, as their nature is like any other 
worm of this earth, and this would be on the same principle it would be to plow up 
a pasture field where there would be a flock of sheep. They go in schools on these 
grounds till they are banished. 

The planting of whitefish commenced from our great hatchery, which Hes been 
a great benefit, more than any one is aware of, but what is the use of planting 
them when they are caught from the time they grow to be about two ounces to one 
pound in weight, so they have no chance to multiply till they are destroyed. Why 
are they destroyed? There has been a scheme got up to fish hooks and get bait for 
them, what they call bloaters, when cut bait would do as well. When you plant fish 
in Lake Michigan, or their natural spawn, no matter where you plant them, the 
young fry go together, and when they grow up they go in droves in deep water to , 
find calm and they feed on the sides of those steep banks that are clear of filth. 
Then they get nets out to catch bait in those places, nets of three-quarters of an 
inch mesh, and get them as thick as the net can hold, of which 90% is young white. . 
fish, and those that don’t care call them bloaters, and make some fools believe that 
they never grow any larger. Of course this is all right to tell to a farmer in the 
State of Michigan, but it don’t do to tell men of experience. 
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We here last fall got up two nets:to catch bloaters for bait and we got in those 
puddles, 30 and 35 fathoms deep. Those nets, when we raised them, were as thick 
with fish so that they looked like the driven snow. Come to examine them, 90% was 
whitefish. The consequence was we took the nets and gave them away on the 
other side of the lake, as we saw we were going to destroy what we were making a 
living out of. It is a shame that the State would spend money today to plant fish 
from their hatchery and next day have them destroyed. Now they grow up to be a 
half pound weight and one pound, and the second year they come on the shoals and 
around the beach in July and August according to nature, and they get into trap 
nets and are caught and they don’t amount to anything. It takes about 150 to 200 
in count to make a hundred pounds, and'they are sold for the price of barrels and 
salt, when if they were left one year longer, they would be all right and of some 
benefit to our community. 

Now then the Honorable Board of Fish Commissioners should look this matter 
over careful to not allow any trap nets in the waters of Lake Michigan not less 
than 4 inch mesh when tarred and in use, and not allow any gill nets to be set in 
Lake Michigan outside of one mile limit from the land of any less than 4% inch 
mesh when in fishing order. This would increase our fisheries 800% in each year. 

As to short season, there is no sense to it, as we have got to get the spawn, and 
there is not many whitefish caught. It is all those large trout. 

I have seen out of small trap nets on this shore where one-half of the catch 
would go in the gut barrel, as they were too small to handle. 

Now, the United States, and all our states should go together and protect our 
lakes in regulating our meshes, as our fishing industry is a great benefit to the rich 
and poor. They should make districts of these chains of lakes, appoint a man by the 
state, pay him his salary and look out that the law would be enforced. Why not 
protect our fisheries as well as our game, only one is to protect the poor, the other 
is sport for the rich. 

Hoping that our legislature this winter will see to it to get good, intelligent men 
on the commission that have some experience in it—Mr. Moore that takes the State 
statistics, I presume you know, can give vou more knowledge and information 
than I could write for a week, because he has a great deal of experience among 
fishermen and knows what they want. Such men should make those laws and not 
men that have no experience, same as you put me raising geese on a farm, I wouldn’t 
know anything about it. 

Any further information that I can give you that may be of any benefit to you, 
will do so at leisure. 

Kind regards, 
NEIL GALLAGHER, 
St. James, Mich. 


FAYETTE, Micu., Dec. 11, 1896. 
Mr. OC. H. Moore, Detroit, Mich.: 

DEAR SrR—Yours of the 3rd inst. just at hand, and in reply I will say that to my 
knowledge the planting of the whitefish fry in Summer Island Passage has been a 
benefit, for these reasons. During the last four or five years there has not been but 
a very little whitefish caught, and this season they have been scattered all over 
the grounds, and we have caught considerable more than we had previously, and I 
believe they are the same ones that were planted here a few years ago. They are 
decidedly different from our old ones, being much larger and a different shape. 

Hoping this will meet your approval, I am sincerely 

Yours, 
A. BARTRAM. 


CnicaGco, Feb. 13, 1897. 
B.D. Winegar, Esq., Escanaba, Mich.: 

FRIEND WINEGAR-—I am in receipt of your favor of the 12th in regard to fish bill, 
for which I thank you. I do not know what the bill before the legislature is, but I 
do know that the small trout and whitefish that are caught during the fall season 
should be stopped. In November, December and right up to the present time even, 
we are getting shipments of fresh caught trout in here with an average of a third 
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small trout that do not weigh a quarter of a pound apiece. This is outrageous and 
something should be done to stop it. During an open season these small trout we 
figure are caught during the months of November, December, January and Feb- 
ruary. 

We are heartily in favor of a close season, and also regulation that will stop the 
fishing of the small trout and whitefish, as well as a law to punish anybody having 
in their possession say any amount from 15 pounds up of these small fish, no matter 
where they get them from. 

Shall get a copy of the fish bill and take pleasure in writing you further, but 
would say the fishermen have written us on the. subject and we have declined to 
take any steps in regard to it. We have spent money heretofore and accomplished 
nothing. Now we will sit quietly back and see if any laws are passed that will do 
any good. Some laws should certainly be passed, and we would rather be hurt a 
little, that the general business may be benefited largely, if it should be necessary. 


Again thanking you, 
I remain very truly yours, 
W. V. BOOTH. 


MACKINAW City, MicuH., Dec. 6, 1896. 
Mr. C. H. Moore, Detroit, Mich: 


Your welcome letter of 5th received this a. m. It gives me pleasure to answer 
same as the subject you present is one of great moment to all who are in any way 
interested in catching or handling whitefish. The nefarious practice of some of our 
best pound net fishermen of setting small mesh nets on whitefish grounds with the 
excuse of catching herring, and then taking large quantities of small whitefish that 
will not weigh 4% pound each, dressing and salting them, and selling them for her- 
ring, bringing a price hardly sufficient to pay their help for caring for the fish. I have 
seen 3,000 pounds of these smali whitefish that you could not find a dozen fish in 
the lot that would weigh over 4% pounds each taken from one ground in St. Martin’s 
Bay. From this ground in 1894 there was taken 5,300 Ibs. small whitefish, very few 
herring mixed with the lot, which brought the fishermen $40.28 net. This is but a 
sample of the fishing that is done all over the lakes. From one fishery at Point Au 
Sable, I have seen small whitefish mixed with herring, and have taken out of a 
package eight fish that weighed one pound or just two ounces each. St. Martin’s 
Bay and Point Au Sable both in 1893 yielded good fishing, fair catches of fair. 
sized whitefish being taken all through the season, but the greed of the fishermen 
impelled them to put small mesh backs in their nets so that not a single small fish 
could escape to grow for their next year’s fishing. No amount of talk will convince 
these fishermen that they are working against their own interests. They say, “If 
we don’t catch them, our neighbors will.” 

Since the good catches of 1893 in St. Martin’s Bay and Point Au Sable and the 
robbing of the waters in 1894, there has not been whitefish enough caught on these 
grounds to pay for setting nets, and if there is not soon some stringent legislation 
enacted that will prohibit the taking of these small fish that are practically worth- 
less both to the fishermen and consumer, the elegant Mackinaw whitefish known 
the world over, will be a thing of the past. 

Had it not been for the good work done by our Fish Commission in planting 
whitefish fry, I feel certain that the waters hereabouts would have been depleted 
ere this. But the planting of young whitefish is practically useless unless some 
method is adopted to protect the fish until they attain a marketable size. In my 
opinion the best way possible to protect these fish is to enact laws prohibiting the 
use of nets on whitefish grounds of a less size than 8% inch mesh and 4 inch 
would be a great deal better. It would cause a great deal of trouble no doubt 
to the fishermen and incur quite a large expense, but there is not one of them who 
would not feel the benefits in a few years’ time, as the whitefish would certainly 
increase in numbers and in size. 'The trouble of most of the nets now in use is 
this, they were made at the factory 3% inch mesh; now, after these nets are made 
up and soaked in coal tar, as all pound nets are, the mesh will not measure over 344 
inches, and the second time they are tarred it will bring them nearer 3 inches, and 
the whitefish that will escape from one of these nets tarred the second time must 
be very small. 
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I have talked with a number of our larger fishermen owning rigs of their own, 
and they all express views similar to above, that if such laws were enacted and 
enforced it would be a good thing for all concerned, but when one is allowed the 
privilege of small mesh nets, the others feel it their duty to use the same. It cer- 
tainly would be a great boon to the fishermen, fish dealers and consumers if the 
slaughter of small whitefish could be stopped, and I feel very confident that it 
would not be but a very few years before we would all see good results of planting 
whitefish. The only reason in the world we do not see good results at present is 
because the young fish are caught and dumped in with herring, no one knows how 
many, as they are never sorted over, and are all sold for herring, that is fish under 
¥% Ib. weight. Iam very sorry we haven’t a package of those small fish to send you, 
as I would like to have you see them for yourself, and to show to other members 
of the Commission. 

I am, yours truly, 


W. E. ROBINSON. 


INE EAD AND MIO. 


Peele NCS, Leoo-hLeoG, 


TEMPERATURES AND OTHER INFORMATION. 
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Whitefish Plants, 1895, from Detroit House. 


Name of waters. Where deposited. Date. Number. 
Detroit River___.-..._--- Pain’s Dock, Belle: Islan er Cee ae ue eee April: 2_._.. 100,000 
23 PO MCRN ated Stier i'n Bast Point, Belle [slesci ee ee ee eee see Miderme § Bilis Cer Li 
i Sit eet lad ca A eae Grassy Island: 2.2222 a 4) Seen NEL: Se AR Megat ly. ** -12....| 3,500,000 
os cys Oe ER Me Willis’ Fishery, Belle Tele oie tou cen ere et sce ‘6 -12....| 7,000,000 
c ON ek Grassy Toland Mie Sara ee ect incuba asec oe LN * -18....], 3,500,000 
i Sel ak SR ea Willis’ Fishery. Belle Isler ecs oe eee ‘¢  18....|. 3,500,000 
- Nepn ae fase. catia HastiPoint, Balle Isle.ccce see eee a “© 14 -..] 3,500,000 
Pe ere ten aN Grassy Islands cs. oo o3 se eta a ea i ee 6 = 15...-| 3,500,000 
Ue Tp aa RC ea Willis’ Fishery, Belle, Isle. lo ee oak 15-2... 3,500,000 
“y Se Wes Mit Spay tT Muskrat Porn tee Se eee ee estan Lope et acne cae ‘© -16___.} 3,500,000 
ie i ARPA SL Willis’ Fisher, Belle Islé ...-..-.---.2-.25.--42...2.- **  16....] . 3,500,000 
Peat tht date hey Off upper end of Belle Island_..._..-.--....-...------ 6 16h enti S00 000 
eg pera JAM it An N.W.. Side of Peche Island. -) 320. Jee ae ‘© 16._-.}. 3,500,000 
Co niet ar MED Grassy [sland2: So. 300222) oe ee en ee 19... 5, 98,000,000 
o A ge dere Naat Off 'Peche Tsland oo. 2 et ce eee meena sacs ‘¢ —-20.-..| 3,500,000 
He ile flat ea sf en One mile above East Point, Belle Isle --.......-..---- 2152.18, 500,000 
o AG Oey ibs Bast Point, Belle Isle e 2 eee eee kee e i one 360,000 
x i pe oeseeriae cote te East: Point, Belle: Tale 0" S20 ee ee ae ee 6 128 ae 270,000 
WY HO Te ele eamet nes Hast Point; Belle Tslos ic 22% 2ao eet era et Date ee anon ty (ese ce! 270,000 
Lake Michigan ________- Frankfort, 8 miles northwest ....-......----..--_----- MO gO wae 2,000,000 
“ pele Teed ani OE Frankfort,'8, miles west 220 S50 aoe ee a ‘© 10..-.] 2,000,000 
he SOR Ge Vin a Ludington, 5 miles southwest_.__.....--_.-------___-- ‘© 17__-.| 2,000,000 
M Petar stl ey Grand? Haven ys icc. Fs Ng tapes te asst ea $6 (20225447 925000000 
ake Eriemuever vewcue. Monroe, 3 miles northeast of mouth of Raisin River. pug Ries 3,000,000 . 
* i iiea sts GbE elbene Monrose; near Stony) Pointe es a a ese ‘6 142.21 © 73,000; 000 
$¢ SOLE Urata inane td Pec a ae Monroe; near Stony Point eee see eae ee © 15.--.] 3,000,000 
Dake St; 'Clarrccassua! Grosse Point, }¢ mile north of Light Ship_____.--_--- 6° 10222314000; 000 
ss sale last Ausra Aaa Grosse Point, 1% mile north of Light Ship_______-__- ‘6 14._..| 3,500,000 
rs tf Scipurtesik 2 chess atk Two miles north of Dummy Light--_______-_____.____- Aina we 4,000,000 
Straits of Mackinaw-...)Bois Blanc Island \)) ceo eee oc cae cee aeatoe. “* 12 ...| 2,000,000 
akevurona ses eee Three miles south of East Tawas_.._.._-..-------_--- *. 19,_..1 . 2;000,000 
Total ecco ee Seana ine ac a ee a er 93,500,000 


Whitefish Plants, 1895, from Charlevoix House. 


Name of waters. Where deposited. ; Date. Number. 
Lake Michigan _______- Seven miles west of Charlevoix.___._...----.__---_--- April 6____- 1,000,000 
+ BE Ts Ne ya onset ot Eight miles southwest of Charlevoix._______________- SEWN fae 2,000,000 
ee ethene wen ee Five miles north by west off Fox Island_..____..____- 6 TLS 22,000,600 
Be LA An ats pr Northwest of Cat Head Point __.2-_..._-_.2_--._.____ OS ext are 2,000,000 
i Lt Paige ban i a Off Pishermanis Tsland 200525 See ine aie ‘© —15._..| 2,000,000 
be UTA ie ert Between Fisherman’s Island and Norwood, 3 miles 
FLOM SHOE eee NUL AERA, OR Reason eer aA, plan Baya 2,000,000 
“i Deh AME ire ah ges, el OF Middle iVillage geo e 0 ono Ga TNO bees Melua ein we 0 TT 000,000 
a  AUAR chee) score se Three miles west of Norwood_-____.-._-_-....----.----- © 17...) 2,000,000 
NY SH Ua geen Of Cross! Village wire Cay een dalennau Ue le aol Meinl bay sues 2,000,000 
ae ae a a as Br a Hight miles southwest from Charlevoix.-___ pth ae ptt be Pais 2,000,000 
BS DOCU Sri A CD Mouth of Little Traverse Bay .__-.-..__-..-----.-_--- alana 0 Jorn 2,000,000 
My Aen eacten end Five miles north of Charlevoix__________________. -_- 8 20-4; 2,000,080 
‘ ee ect OLR UR a On Fisherinan’s Reef, 10 miles northwest of Charle- 
PVRS eh ae raat te Ca OP ee NE AT 20ete 2,000,000 
‘ Ree ialin eee 8 On reef 12 miles west of Charlevoix _._.-_._____- yous ‘* = 20__..| 2,000,000 
of Lied ein abe ea Wyk Manistee Sie nce) Wh CAOii aed Up See a une np Ne Vuela oapeea te dees 12. O00) 000 
oH CANE Pa Mabe Ce Three miles north of Charlevoix .-_._----.----_-___-_- Be eos a ili pads GOO 
Big Traverse bay .___--- Old Mission) Pointscese cee Ups Se a alee ol er ARE “ " 19..-.] 2,000,000 
Pinotlake Pact otes! ieee Charlevoix iii. We ee aah nae OR Neh yee nyt eee 1,000,000 
Pobalec ccc. cessscca cS See EC ee Sa aie Ba ee aa a Soe co 32,000,000 
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Whitefish Plants, 1895, from Sault Ste. Marie. 


Name of waters. Where deposited. Date. Number. 
avtake. 22 6-. 2 2.02ci8t Hay I ee eee a mag lat) he eg April 25 __-.| 1,200,000 
Lake Superior ________-- Wi aremetues (2 Sie Boer hs eee ee Sh 2O See! T m2 OOUs 000 

oe pee deere Wee VETS 83 CT eee Mee bee EES tins > ae i SP saa ete SU) Me Ls | ae 1,200,000 
sy CA gee NOON Gtr mer ts eek Se ee Re st May 1____-- 2,000,000 
i i La RGAE, ee PARE edete she baa eo oiou ee ie NO ARNG i Cas ee See So ate 2,000,000 
a fine ot Son ManistiGlow sete ssl ae or oe eee re SOR 3 16 Serer 2,000,000 
A ‘fier oe Mn te IWHTL CSL SDR ERY, eee ar er Ee ee ENS Lee Ni frae aes 2,000,000 
5 Soins ey ahiees Se ! SCRA Dates eee te me US eee eh REE SShiie b) eees sae 2,000,000 
-: Te he et Winitetish) Point sree e) 2k Si BPS ae ee ey ioe Prati ea 2,000,000 
ve HS pS 1 OE mim VUbDcetshyPointetes. oye oe Srey Sp ee ie HFG Wiesel 2,000,000 
as ASOD S Coiee SPAT SO teem eee NLA) Fn) A, de ime meh) bi seg I gage aed | cae 18 1,700,000 
~ ON ee Or ee Mantistique tet mee pees a ty Ree ee ari bis Pt pe heeled) a ta he 1,500,000 
rs Rou | RS Pe SU ween aCOtasey tee Te Pee es Tee NEE NE Pee Pulte em! Pak iaclese 1,500,000 
a Phila es ae ET A Va Ua Oe eee eke te HN EU as eh Pam alae) TEE see O pte state 2,000,000 

ABNER INS a yo RRR ge Oi RO Race i oN ae OR 25,100,000 

RECAPITULATION, 

TOME DCSTONUISUR LION Me. erent ere ee ee ee ee oe 93,500,000 
Ree EI CARN RU COIs pire ae Se ot aia we ono aes uenc ree coltmay cole ene donenoneenen 32,000,000 
Se SFULLLC COM MUR T1O.5 C8 CLOT tee uae ey ees Fe Le) We Se oe ae Be a 25,100,000 

CR aa ty fear pa am Peg waa RE SNe rg rg SA es eo le SD 150,600,000 


Whitefish Plants, 1896, from Detroit House. 


Name of waters. Where deposited. Date. Number. 
Detroit river___.______-- Bollerlial omen eas obo treet ir Ue Pe eS ae April tee 1,440,000 
aero ee cet ea nee Ballepis la inte ee eee i Ene Soe Oe Be ie ee 360,000 
ub Lie 10k aa ing icons Ne Bella tse tes eo er aero: Mie, EE Shey a hers tr a ol nha TAD ie 8 750,000 
Lake Michigan.._______. GL LONE eee te eek on oles SET ET Pe tig, tek a) eer SSiin: Sint ce 2,000,000 
Detroit river .._._________ Gass yy slain die nero ee eee tee cs gen ee Be Cee Os aoe 2,510,000 
AY Se Boeliovisl aa sere cea ern ent ee premises Seer Cet ae a Ome ee 2,510,000 
Dake St. Clair)... 2... Grosse Poin bee eee nnn ee Ue in Pe ye eb UGe «Ta hy ge 2,510,000 
DakeiHurons 2 HAStAPAW AS on ee eet oes Bese eine ee Se, 12 2,000,000 
Lake St. Clair __________ DB Fed ak atod aly opughe Sale aoe ole Sapna ecclesia yee les Lee Se Wey Sa 3,000, 
Detroit river -______. ___. Belles slowacun sateen eens betes We Pe Ten aN We are 3,000,000 
of SSN fae, ee Beller is lee ae a ee A et ee cel atu 3,500,000 
dg be fa es BGT TOr Rieder ae eae ene rege en log tM wt Vl cy bs hoe 2,550,000 
Lake St: Clair 2: = Nearseeche island samuce emaumes none recs ix Maier oe Oe 22 ae 3,50J,000 
Lake Michigan _________ IMATIES COG Se ee ee perme re Peed 1 Ey a ee men U4 ee 2,090,000 
Detroit river______.____- Sreelastuloee eee oi ee mrernae len moe eee Se se 15 _---} 3,000,000 
oe Ese S1e Dea pee Pe CmN ATG Ok eee ese OP Thy Re eo £95) 1522221) 230007000 
Lake Michigan ____.___. Tyga org 2 oe Oa ee ee a Re © 16 __-.| 2,000,000 
Lake St. Clair ________-- Pim testitie sos sce ee Ae So a Pee * 16 .2..} . 8,000,000 
Ng rae DONG CeO TAlANG 2 io. dee bow eel a cal * 17 __-.] 3,000,000 
comes: Scam Se) 200 Eh (ADOVeRLeCherslands ses el ee ee eh aS tee L ere 3,000,000 
ier I ge ey 2 ph ae VbrGeg aya inlet a). ao Spaced Gee Seri age TOP eee en nL sg) Oo pine ee Sg ope 3,000,000 
Detroit river____________ Belleisiasmeree es so Fay Sf Soh A er lt se 18 Wess ti) 2,000,000 
Disk Brig oto. Monod serene ten in SL Se a Sy ‘> 197028 he 22,000,000 
Lake Michigan ________. Dena mye cpeete pt oe as ss 20.-2..1) 2,000,000 
Detroit river___________. pee! Uy ee Se een oe een eee HP ok oan bee 2; Oru, 000 
be vt eS a ean Boalletinlcreewee tm eal rs toes eee Pei oe ste ie by Niles 2,480,000 
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Whitefish Plants, 1896, from Charlevoix Station. 

Name of waters. Where deposited. Date. Number. 

Lake Michigan ________- CHarle vod ged Neca im a wll SMa aie fe yc ON alt Aprilvieges 2,136,000 
s BO Be orea Bae A NN Charleyvorx Ge ke Sons a ee ios hee REC) 3 Lr E Rae pant fee Si” 2,136,000 

aA Fish ieee Pte tea 9 Gar) iy Tm ee aN CS WC elec 80 QUunaaamT 2,136,000 

tf Sy | RTE Hie Charlevore shy ows | Cuma ie aie a hee iiuninntG ty UNE Na oe Sh Oberon 2,136,000 

As oe Bsa ALG te scant Charla voix ne 25 Gis Geek tiie realm etn Rad a ane Neva has 2,136,000 
Little Wraverses aye [Re Bi EE Ore Se eae aml esta ly Ss Ud ec) | ee Lee Vm mC Seek 
Lake Michigan _____---_- Charlevoix ok ol ice ie seen ay Caan Oa Si pikes 2,136,000 
fs CNR A Ra Een GO Middle Nillage soir eerie UO nee, 6 14222217 25136, 000 

a Seth Cie ke Nee Charl evar ee OAD EIA Wore raha ts GN lacie 6 16 ee ee kG OO 

e Sig RUIN bas bee ee HW ey-ea) OU E50 (6 Megpleietcnep ene Aen e nM CN cs ci Ns ah aR ee rate Wane ioe PAG 8 

ri HS TERS es OER alc Nee RR a Box isle mage 8.0 be SiN aire es ARR apatite 0n In te $0 Be ean 2 TSG OOO 
Orystall alee oO 2 PG WOON SNE AAU a a WT a pe Re NU? Ele erie a ie el Sah Ayame 1,200,00¢ 
Lake Michigan ________- CH arlOvoUK sy A WN ere Mie aie er aaa mR PSS Ue * Si ened 936,000 
is Sef iaetitee eet oO Charlo wong te Gy i ACC are sie aie ean nea eat teat eat calli | Rehan, SE Dey teen 936,000 

i AN Uh aaa ata an Charlie voi 6 aya eee AN attain On ay ta hla psa Re 936 ,000 

ae ray tanh MARU OA) Beaver arbor eo Oa Ue ie eden naa thf fit 936,000 
ipinevake:cowee snide Carle vou eee Uae eeu an ater dec hPa bh aN A St? ie eee 1,021,400 
Total lis Rit io unlit: COMM Mees st eG ae TIM pean ve eM eA lee Se os i CE Ly 29,461,400 

Whitefish Plants, 1896, from Sault Ste. Marie Station. 

Name of waters. Where deposited. Date. | Number. 
Sault Rapids —..___.--.- Banlt Ste. Marie va0h 000 100) 3 2.0 pees De April 13ers 
Whitefish bay_._____-_-- Whitefish Bayo) mec meer el ice), Seneca ue ese April 24 _-.-| 1,000,000 
Lake Michigan ________- PO GOUUT ee Re ae Waco 2 LD Ran eeu hC  ea 68 2 Se a2 000.000, 
ay Tale out ke Hay Lake 2 ee Oa eT tidal a 628) 2 ors” 1,000; 000 
Straits of Mackinaw. ‘StiTemaceva cose io Pe a ee ee ee ee May Tone 1,500,000 

See ey Re 0 eu LE ara VES ST OTN ae iS a ea 1 8 tea bast WB Sediral 2,000,000 

sticeeagen + PO) Man isti Oe ee Cine OE A niece alone Nee Sasa Aprilia 2,000,000 

Pah ears * 1 Marge tte rive eh) sie Gils O10) so ea Ae eames ner ennai te ea ‘© 29 ___.| . 2,000,000 

meas sh mee Wii ee weleich ra Ke Lu 2 evens ht Rcrep eee V BAN pas! ete Ilse Lie Mpa ah May 3: 2230 2,000,000 

Leeann os Diesel Rg Ola) of Bok oY Wore ns aly heen ee ean ries 0 8 Shy ean heat Ih sl aie Gecmten) 1,180,000 

Sali ny 21 NBS BL YN Bh Dea heey oS AES nds Sn HC GUN NO em ee a gs! of ae 2,000, 

Mo tab vee wa a CVE Nig aE TT IGRI 8, ta Fr OS ES Une a ME Le Se) La 26,180,000 
RECAPITULATION. 

From Detroitistation 8 ye iro AE ae i ih Se eA Re Rar dc Sa) Ft La 66,040,000 

6S Mhavrlevors Sta trom sole a) ee OTe Ne Ieee ort bath Nene enn nd Ecos 9] ors eo lg 29,461,400 

Sault Ste: Marie station U0 i os Ae Cl gS Reet ais ie) all rr 26,180,000 


PE eH sats ee A rh SR Pu A 2, ee) ee ts, ee rr 121,681,400 
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Lake Trout Plants, 1895. 
County and name of waters. Township. . Depositor. Date. Number. 
Alcona: 
ubbard Jake) =. &_°212 See ALCON S sees ees ee John Elisworth_____- Aprilize.ssenss 50,000 
Clear lakeyo) 4.05.4 eee ee Waynes ese es. Le. Wm. Reynolds _______ he Hee a ae 15,000 
Antrim: 
Intermediate lake....---._____- SOVOral Sse ee Ja KeAVcART OW test May,23 ssc = 20,000 
Torchilake” aes eee itis Die Soya eae $s TES ee Ree COL oe) karat 20,000 
Genttal lake 22-476 eet Central Lake._______- On Pw Barker. 3! March 20.____- 25 ,000 
Bara 
Kine’ s oad Jake stone! Covingtonesee eee N.S. Pennock..___--- May 102s 15,000 
Barry: 
IPinovake ess. Jet sc a er Prairieville _________- Ed. J. Anderson..__-_- February 25_- 20,000 
Benzie: 
Orvstalelake. 29625 eases Benzonia and Crystal 
ake sy he eae L. T. Van Winkle_..-| March 18_.___- 25,000 
Creu lake ™ isin soe ere he. BI IEA Oe ia aoe Fred D. Curtis -.___-- sae Ae see 15,000 
Cass: 
Diamond lakes soe es La Grange andothers| James M. Shepard_-- st. Cokes 25,000 
Cheboygan: 
Douglass lakeseremree ss ONTOS == aa ee Wark POrd tae May. 2252-2. 20,000 
; Sof ee tere eee RM I ole re ie OO CA W. B. Stimson -----=. Seite | heer eee 40,000 
Chippewa: 
Troutilake weeeeee oes Trout Lake ____.__-_-_- N, A. Smith & Son_-.-} April 26______- 10,000 
WakerkHuronstetee. ee Off Drummond’s Isl’d!} John Frook_______--_- May 22s) ime 10,000 
Clare: _ | 
Lown wane vakega. 2). WEA VOR eet oe Geo. M. Brown.___--.- Aprili ves 15,000 
Crookedtlake err a Surrey. eee ek Ut Sen eat Pk 78 A Te beeline he 25,000 
Emmet: 
Oarpilakere sees seat Carp ake ie Jay hawaOnss ese. March 28 ____. 15,000 
IBGaTilalke wet ety tod Ve: Bear Creek and oth’rs| W. B Stimson ____-__- Se OR AMES & 30,000 
Genesee: _ 
Mong lak@alceercee 2. 3s eos Burtone 2-7 -oe- James D. Johnson-_-- April 5 52 eee 10,000 
rroOnnaAkermi see es Henton en see ae Anson Shotwell__-_-_-_- 5 eee = 10,000 
MOngelaAke soe ee ol ee Sie) Wee ie La On Gi Burner! March 8.__-__- 25,000 
(Grows ky We eee ee ee ee Ten a Hores toss ee Hiram Jones--_-_------ ie a! ba 15,000 
Gogebic 
ident Welands sae oe Aes ATONT S41 Wise sete. nee Bent Bros. en gee April a Pe. eee 8,000 
Walancdhakoesss yess ey AEN He AQ AVY compe tara ie ere CS eta IOs Ce” Sal OTS orb 7 10,000 
Grand Traverse: 
PANDA A peveral. “cass see sens ie eiydell. 27.7 cee. March 20_____- 50,000 
DILVOr ako sree emer 2) Garfield and Blair ___| George Simpson -_-_.- May 6 ween 20,000 
Hogsback lake-______.________-- Mavfieldkcw tie Fred D. Curtis___-__- April 26__.__.- 10,000 
Lake Brewster____.___.-.______- Sos WU AL On ie od Cah eBrewsters eee ie laste eee 10,000 
Houghton: 
Lake on Seghity se. 32. fc. Dutean 22-93 4 George H. Hauser __._| May 9_____--- 10,000 
Lake Anne * 3 Pranklin ees Lawrence Corrigan.-| ‘* 10_-_____- 9,000 
losco: 
Goodar:lake?- ae etese eee AM ives asy of:(0j eva «pee te Jee DeGunitords. =e Aprilaig:- sees 15,000 
maces el Ke So 22k oe eee Pigintisligneeoueane: Warren S. Hodges___| ‘“ PARTY ee ae 20,000 
Isabella : 
Tiestrange lake..._.....-2.--28 Mancolns to oe Birton I. Gee________- Ae apie 10,000 
Goldwater lake:: -.. 1 308 NOGLAW OelL 2 tine tags Robert Hyslop.__-_-_- ne 123 Sages 25 ,000 
Jackson: 
IPleasantilake. = oa.....-2.c00=. Henrie trae sees oo AMWa Sax tODseetee ee 5 TO wean 15 ,000 
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Lake Trout Plants, 1895.—CoNcLUDED. 


County and name of waters. Township. Depositor. Date. Number. 


Kalamazoo: 


Gillake metres mare 72 on Ross and others..-_-__- Oasis (Oyenkelehnee aoe March 25_____ 25,000 
Rawson or Barton lake_____-_-- Schoolcraft ..______-- John E. Pabst _.__-_-- April92 10,000 
Paw Pawis koe crew ot Texas and Prairie 
Rondo cheyenne Albert Newkirk-_-____- February 26_- 10,000 
Woood’silakotiwrane ono bs Denies Kalamazoo-.._____--_-- Theo. P. Bailey___--_- ‘ Zoe 25,000 
Lake: : 
Stardake mec 20) sa ae was Bake oss is viene ates Wm. H. Baldwin, Jr.| March 15____- 20,000 
‘wimlake@ mo ten sic see eee Webbertrss shy sae ‘s a ey ios Lene 10,000 
Lapeer: : 
Skimmer lake 2.2 f<. theses OTesOn:<fci. 2 tee Hiram Jones-__-..--- *t oot aes 10,000 
Pipperdake v6.3.) ee Deerfield. 24. hae ee Andrew Brown..----- Aprilj2aaee 10,000 
Leelanau: 
Davisslake <8... 52. heals en Kasson ._____-_ T. J Newman____-_--| March 18____. 10,000 
Glen Take vs eee a are ee Glen Arbor andothers| D. H. Day_._________- Be) toh 20,000 
Livingston: 
ong Valkkes2 seas tke ie eae i Genoa see Bee Widaw sone February 20_- 10,000 
Mackinac: 
Brevoort lake ___._____________- Brevoort -.2---222.2-5 M. F, Mulcrume ____- April 263223333 10,000 
Maiiten tak 
itc BROE SA Se eee eee be 
Bawgorlakscegh awe t A ard 80 H. Armstrong.__.__-- eee 15,000 
Ee Se eS ee eee sere 44° 45;and 80.2 soe-ee re Coe erie MO 2 10,000 
Witchilakes tec e Oe ee 44. 45 2nd sso seme eee 2 i ies fete eMart OC 2) 15,000 
Long or Iron Mountain lake__- 44. AD an Ces eee ee Geo. A. Newett.______ May 10:23 10,000 
Mason: 
Gunnilake see era ceiesten Free Soil & Sherman_| Wm. H. Baldwin, Jr.| ‘‘ 18._._-_-- 10,000. 
incoln lake... fies) oes hincoln: 22a eee: a ot re ‘S15 ieee 10,000 
Round lakes eeieer eee ae Sherman’ ee eo5coce Geo. M. Brown._____- O18 10,000 
Mecosta : 
Clearlake! 3 22 Pee rons COliax Ee Rees ee Geo. A. Roof_______-- February 19_. 10,000 
Montcalm: 
COrystalilakes a coir iae ee Orystal eee aes De Young & Worden_| March 12____-_ 20,000 
Baldwintlake 22.2) a2. So iae Hurekare ae a Te et ehel pss cme. February 20_- 20,000 
WhitefishJake 2.22222. y23221 Pierson ee bee CA Wheltarthwesu ss ee te Pou 25,000 
Hdward’silakest.: ssa ke a Home ei ae Wisin Ones) es aaa: Aprils2ouaeaee 25,000 
Newaygo: 
Brill silalevantau seas s oeraey OYOtOn 2 ee see ewe Geo! King 2 eas eRe Oe ee date 10,000 
Hremontilake vss hea viet fore Sheridan ses eee T. P. Hopper._-___.___- May 14_.-_____ 15,000 
Hesslake i's ee res a Garticld see Edwin O. Shaw.----. satis Ree caer. 20,000 
Crystalilake-22 00 stata. Sate oe Serra Teme re me ee JeiMiay Oso eee al pve KS skies 10,000 
Babtist lake 27 aus eae eee Ensley =29 222 Rhomas Olivers: == October 5 & 7 2,050 
Oakland: 
Orchard lake: viva eee W. Bloomfield ______- Forest S. Campbell_- March : See 20,000 
Lake Elizabeth _____.___._____- Waterford __________-_ BWA bbottsh: S24) (te See eeee 20,000 
TOMB ae sero e ae Aca pee NS pee Bloomfield and W. 
Bloomfield ________- TOD Seelysstinee neo: Aprilissjoe 25,000 


Ontonagon: 
Minnesota, National and 


Beamerndams. oo hae 5OPNNS Boo Wiese cee eee Benjamin Jeffs _____- May 9¢cer= 6,000 
BakeiGogebicee eit ay one: Ontonagon.______-_-- Haile tise: oo 2 ool Teena 50,000 
Otsego: 
Calkinsilaket sew ves. yess miles Charlton @seseteeo eee O. H. Carpenter_____- $82 288 cee sees 20,000 
St. Joseph: 
Clearlake! 502 ee se lea) Fa bis ee ee eee H. EH. Whipple-______- March 4_____. 25,000 
Coreyslakeltecec uae oa he ee PO Umer nes Denes Ad. M. Shaffer _______ cat 5 Wun esta 35,000 
Van Buren: 
Baglevlake <0 vote ios cae Paw Paw core HW. Thomas ©. SpA prilO sens: 25,000 
IM akon iss il hea eae 9 Antwerp 2.025.028 CAPS Deyse: seein March 26__-_-_- 10,000 
Total ie IT ALE US DSN eR Cag NI 1,310,050 


; 

. 
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Lake Trout Plants, 1896. 


County and name of waters. Township. Depositor. Date. Number, 
Antrim: 
Mower g1MikG. 2.5205 ccke oe eee NEC Lae OP ane a ee C. 8. Campbell._____- February 27-_- 25 ,000 
NWriksonvake -< "6 eee EE oe Seed See sa psa BPs ae ie Ciao 25,000 
Sty Clair lake: Se. “OL, 9 Sepa Tae, 8 SS Ae aS Bt ane te 4 25,000 
Banwagolake-..-2) =) ‘“ &Centr’l Lake} ‘“ Oe Pear: SS Biles 25 ,000 
King slakesx-<* A se Te LUCh Ones on aan: Ns do ge # Cae . ie 25,000 
Sholes jako: 0 5 ee ee s Whig 4.7 Sea Ye pe, RE aes ss re 25,000 
Barry: 
Warrontlulllaker “ee 2. Baltimore__-_.__2___- A. J. Houghtalin.___- we oa 25,000 
Berrien: 
Pawelawia kes eae eee Watervliet and Cole- 
YY Dee re Geo. F. Collett -____-- ff bee 10,000 
Cass: 
Mudtlakes | Soe ees Calvingere se nts Wilis eee ee: ie (ee 10,000 
Ghristiam lake {sees : Ontwa. 
DUNO ak owe eee eee ML. oo =r Saree ace Manning Rogers-__--- Marchsoseseae 20,000 
Haintermlalke 29. 5a eee ees S. . Calvin & Jefferson. 
Charlevoix: 
Lake Michigan 22. ----.---_: Off Charlevoix._____- Mich, Fish Com..__-.| April 1_._____- 250,000 
os Oe aisle. ee hr 6 tee et. Ba ae 6 66 Se eee 66 3 pad oe 250,000 
‘e ee. a ee 6b ar. 7 ® Aad oe ob Te ee ee 7 pean eee 250,000 
Chippewa: 
Detour passage _______-__-____- Detoure ss. = ooe ss os it by ae Mav a4 ema: 150,000 
Hispanore lakes. _-202 22. = ___- Drummond -____-__---- ChaseS Osborne.-..| ‘“ 4. __---- 25,000 
Iuake Superior..._-...-.2-...-_-. Whitefish Point_____- Mich. Fish Com -___- Ld Operas ln 150,000 
WWiénitelisiy bs yee hs as iy tL Ek died adaes * ts AY et eee Hi law Weds hee ae 122,000 
eC NAS yl yar) ee i Sault Ste. Marie ____. is es Sect Mae oe Se dink a ee 2,000 
Clare: 
Wiestlakepoeemeroe. an =. Grantc eee ron: O77 Ss Derby--- March 17____- 20,000 
Middlellakes erate es Hatton ooo tir oe Ng | el OE ue Lise 20,000 
Clinton : 
ROUNGH aK Ore amen Ses Wicton a 296 wees Jas ONaAverss2 2-2 2oes February 21_- 25,000 
Crawford: 
LS 1 a Maple Forest _____._- George T. Owen_-_-___- March 10____- 25,000 
Shoepack lake_.____.____._____. CCL WV ea ct eee HdOlbriens eases Be Se Ses 25,000 
Emmet: 
Crpoked lake 2.00. 2-5... Little Traverse ______ Thos. F. Austin__-_-_-- vs je ae 25,000 
Genesee: 
pea SY eS Menton -\o. bh te wee J. W. McCullom ____- February 21--. 25,000 
Gogebic: 
luakerGogebie:.. 2/20... 3. Ontonagon & Gogebic} L. L. Wright________- May. theo 25,000 
Grand Traverse: 
Silverlake 2:9 Bese tf Garfield 2s" os Frank Frederick_-_-__-. March 13____- 25,000 
a6 hey ae ek Ree SOR Ss OSE ee ee George Simpson _-_-_-- February 27_. 25 ,000 
Houghton: ; 
Misery lake. tie Pees ees os. Adams: te.. -.- eee Lawrence Corrigan..| May 12.______- 25,000 
Isabella: 
Coldwater lake,_-.: 2. J.6. notte way .. soo): Robert Hyslop_____-- March 10____- 25,000 
Kalamazoo: 
ARVIN A k@eee 22. 8) Seen KalainazZoOs see eeeee Herman Ostrander ..| February 10_- 10,000 
te Ce: i ae Or Te ee aie Po OS Pirssleeer oy >. March 3____-. 10,000 
“ea CW nae 2 a Kearney and Kala- 
MA ZOOM fabs eee C.E Foote Ake ee Aprilia: sees 25 ,000 
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Lake Trout Plants, 1896.—CoNncLUDED. 


County and name of waters. Township. Depositor. Date. Number. 
Lapeer: 

Miller Jake ie. ion eee Deerfield .__________.- Wille ae eo ea February 18_- 25,000 

Palmerleelake 2 si)) 2225: Lapeer sues ees Chauncy Tibbetts_.-_- wt 18_. 10,000 

Ottertake eee gee 

Powderhorn lake.___.__---_-- Marathon 22 2ls.c20e05 J, Os Mason o- sues 18__ 50,000 

Parke lakers oo eer 

Northilaikce wae tees eee paver ee fa a de Lp I. M. Fisher___.-___-- st 18__ 25,000 
Leelanau: 

Gilenvlakeres nie 1) Meena ieee Glen Arborand others} D. H. Day___________- L 1823 25,000 
Lenawee: 

BSandilalce oie is rte ec Franklin and Cam- ¢ 

bridges occu ss sige: J.J. Putnam & Sons..| March 3____- 25,000 

Thevilis wake op ete ees Rollin and Woodstock} Geo. R. Beardsell___- big Giiaee 25,000 
Mason: 

Round lake! sce wk ae ae Sheridan :).2 0s S222 C. O. Holmes.__-_____. 4 Te eOwareue 25,000 
Montcalm: 

Hemingway lake -_____________- DAY foot ots ees E. S. Stebbins_______- February 15_- 25,000 

Whitefish lake. iol) bo Pierson. 32. tee GC. Ws Hartt. os! March 25____- 25,000 
Muskegon: 

Big, Blne lake: jee et Soe Blue Lake-.___.----- EK. D,. Magoon_______- February 22_- 25,000 
Newaygo: 

Billtlake rt Go wso eo ei em Groton a3. e eee George King _______-- March 17____. 25,000 
Oakland: . 

pine Oey coe rite aaa Nin temonl Bae A; W, Blainulsspese) February 21..| 25,000 
Ontonagon: ; 

Lake Gogebic _____..----------- Ontonagon_-_________-. J. M. Whitman..____- May 15...2222 75,000 
Otsego: 

Big inke ts seh eee be tees Chester: 8r f2 ours Ai AoCranes soe March 6.__-_-. 25,000 
St. Joseph: 

Pleasant lake ___...._...-...--- Fabinse roasts. 2 H. H. Whipple._____-. February 6_-_- 25 ,000 

Corey lake ce soe ee ee Rete Aree WRG UMMA cer J; He Hahn: & ees oe 6:2: 25 ,000 

Crosman Jake 22. 1e252-42 52-5 Sherman -_______-_--- John McKerlie_-_____- March 26____. 15,000 

Klinger’silake.t 26 22022 ae White Pigeon______.- i: (iva ace Seo eee 5 ,000 
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Brook Trout Plants, 1895. 


County and name of waters. Township. Depositor. Date. Number. 
Alcona: 
Black*riv6r:! =! 22+. eee eee INOS Whee Bere James EK. Henderson | April 2 ______- 2,000 
Mall ereektc: 22-08 area Harrisville _________- L. A. Colwell ______-- Liha Dee SO) PR 5,000 
Stony creek 0. -: 5 jae Haines et ee Addison Silverthorn- Sie 2) ager ee 5,000 
Backus creek 2.2. 2G NcyS Hine ted ate 3 Ave BackiSire Dose oe. GSD PASS. vet), 4,000 
Get ce ei ee ce pierre... H. W. Lyman...____. “2. 2,500 
West Branch us) ae OG NG es aca ban kee s A. Backus, Jr. _...--- SER ERS ie AZ 2,000 
Dural ereeke e's ere ees ii 4: 0 Ce Rte, Oy eee CeWrluces ee ae eis 8,000 
Allegan: ep 
George’s creek _______-----___-- Trowbridge _________. Edwy C. Reid.____--_-- February 25_- 2,500 
Moud’ sicreeles 2 oe ee ee Heath2 sae fetes s BS Ly oie nee r 25. 5,000 
Chiftord:creeke 222 oe ae Trowbridge _________- x CF elt at BS Apa 2,500 
Sink: broole 22 20 sae ee eet Heather Poet ce J oo vee ear r 25 _. 2,500 
mesrcreek (2.27 ceee Monterey and Heath i eee eas ds 257. 5,000 
Mallicreok.licsee ere estes Monterey ___.__-_._-- es Sean it oe a 252 2,500 
Sand creole 2.2 ss eee Pine Plains_________- te > Oh ee 4 aoe 2,500 
Spectacle brook____-__-_--___-_-- Monterey ies.) eo. WL avian Oe be 2,500 
fudian stream ose Wiayland ers sen aae John A. Turner ______ March 25_.___- 1,000 
Cold Stream creek ___-.__-.---- Otsego east vet see Buchanan R. Jones... eh ey 2,000 
Silver Croek seeermearere re. 2k Ss. GunéPlaingsyeeeneseoe C. D. Stewart _______. Semler te 2,500 
Adsit CTreekcts sees Wiktson eat peewee Fred Tubbs ________-- pely aorec ees 2,000 
Hranklin:eregkee225- 22 -_-. =... Alamo and Otsego -_- ge SEU Dipepabe a tetra ie ie ty) kn 3,000 
Wihite'sicreelke 2 2 Gun PlainsS:2 2222222 Conrad Bros. ________ Eh aia we ae 2,000 
sit Creek afer es. oo... Watson: 6s eo es He DeMillss 22h es Pa COLE eas 5,000 
iIbuttermcrackece tS Otsego & Gun Plains.| John N. Perkins _____ sie ys eh 2,000 
Spring Grove creek ___________- Otsegor jae John D. Woobeck..-- Ne aoe 2,000 
Town Line creek_____-____-___- Pine! Plampeseeseo oe Lafayette Stuch _____ February 25_- 5,000 
Alpena: 
veoh Osa OE di taal ' Ossineke -____.__------ W.E. Wright _..__._- ADTil apes: 8,000 
Grrkeyacreekwesen 6 eae Sanborm soso s 2 W. F. Haskin ._.____- Shae Diet Ee 5,000 
Antrim: 
WY Lieomoréelk se . )).ce eck Ban lcs see see oe ik Jetty Bearrs 220222. March 20_.___- 1,000 
mien Patt abs ES pi Tsp ei ret RLS, a oe De or tie pecad se™ SOME 20 see 33 1,000 
Gd Oo 6) y 5] ee eS 6 ‘6 6b tc 
Wood creeks ot ; Sight in get ct rp EMER ge Mt tee 20..._.. 3,000 
IBessicregkses. es os ees poe x SAN eae sae oe SE 9 | gleelts, eee eee 4 seid eee ees 2,500 
Crampton creek-.___---.----- | 
Oe +| Central Lake -....... C. E, Ramsey _...-._. i420. ta 8,000 
Mohnmeau creek _____.____-- 
Cedar river and branches.__-___- Kearney and Custer__| O. W. Kibby _______-- tere ins ae 12,000 
Cold (2) eet Cee i ee lesa ne oe a a Se Sa Lee ae Ke 20:ASe 2,500 
we asta st | Rearneys..2 0: 22. Arthur Watkins ____. sie atest 5,000 
Spencer creek ___________-_____- Holenace es ere Main & Sanford_____- U8 0 alee 5,000 
Arenac county: 
Branch of the Au Gres river__.| Turner _______-______- George Lewis -.___-__| April 2 ______- 5,000 
Barry: 
Britteniereek eo... ese secs se 2 ee Barryie: ieee erenees = Calvin Stanton _____- February 14_- 2,000 
Rollyicreel:t ama se ce hem owe ar deeiece aki se OT (hie e #8 14_ 1,000 
Stanley creek _... ._-.-_.....-.. Hastings 22 aries Luke Waters _._____- = ae 2,000 
West or Kenny creek _________- Ratlam beer ees Sidney A. Crowell___- KM 14__ 2,000 
Mada creélc. bs serene ea ue A aa ae Oe a8 a ts eS ae eS 14_. 2,000 
Cherry creek 22 22s Sletlasting ss sees. se ee re a: TAT Lb if 2,000 
Butler’ s.creek 2-23 52s ae Ee ie Els. A Se ee as = eee rs 14 2,000 
Wane’ s creeicts oh eS Ee Rutland: seen sae he ut ies ue 14__ 2,000 
IentleY S Cre@lc: sos. 5 Sees ts Ne Oe ae ef ue Pee bi 14__ 2,000 
Pelle POG Oo. iy. 43s ee Waritonsel: wee oe Kip Silsbee ___..____- es 14__ 1,000 
Mangham creek______________.- Baltimore: 222-22. W. H. Spence _____-_-- vl. 14_. 2,000 
Kelley or Spence brook. -______ CE are ny ae ke OI Yee ES. iv 14__ 6,000 
BIS Sprig DrOOk 22-2 = saeeeel barry oe oe) oes Jett. ettss- eo ee bs 14__ 1,000 
15 CUR) <a eS Pinetings 3.0 dye Jacob H. Neiss._____- st 14. 2,500 
Mitchell creek_._______________. Vir a ena en ee ee a AS rene - 14__ 2,000 
Leonard's creek____.-_.---___-- UA Allbes Deen Rs ee SNS Luther S. Hills _____- SS 14__ 1,000 
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Brook Trout Plants, 1895.—CoNnTINUED, 


County and name of waters. Township. Depositor. Date. Number 
Barry—Continued: ; 
Fall creek ser or nae Hastings (.0 tee W -Dablayes 2225S February 14-- 3,000 
Ingramicroeky ssh eee Trying eee pose ees John Kurtz). es i 2,000 
Horn creek 2s ee aa ee Johnstown .___.-__--. Charles Pritchard _-- ay 14__ 1,000 
Fisher's: creek 200 Baltimore___________- ee . Aa Ke a 14_. 1,000 
Prichard brook __-..--.--.__-_- a Ne epee geen ee Gs ss Cy EE. ns 14__ 2,000 
Tamarack creek ______________- Hastings 2.02 eee Peter Cockburn_-____- .¢ 1a 1,500 
Stream on Secs. 33 and 28.____- Rotland? au! 2c3e Thos. E. Waters ____- es 14__ 2,000 
Stream on Sec. 15 .._-.________- Hastings 2): ese A. J. Sponable ._____- a 14__ 2,000 
Prattcrepk 3 cnc 6 ese ey eee be Uae re a bea ee a 14_. 2,500 
Not named s..0 2022) el Ree Rutland] eee J. M. McElwain_____- s 14__ 1,500 
Orr'creek:. Oe eee Tirvang oie See eee ¥S ee Warr neat aioe 6 4s 2,500 
Milvereek. 029 oie so ee hte ey Carltonks 5 = ae os it eae ee uh 14__ 1,500 
Haney creek oe ered one Rutlandav si ne esos es ay faaniaserin sane ‘ 14__ 2,000 
Stream on Sec. 24______________ Sr ceed ARS SP FH Barlow! =... i 14__ 2,000 
Stream on Sec. 38 ___.-_.._._-:! phe tiey: HOlW bere Nite fh 7 UOT SG Sea tee x 14... 2,000 
INP DiCroe kee a2 can eens Paani nes Hastings... ee eae Edmund Schuneman. ne pl Ne 2,000 
Stream on Sec. 6 ______________- Johnstown soso. es Francis Stanton ____- ve 14__ 1,000 
Linnington creek _____________. Rutland 2k wee ces J. H. Linnington ___- a 14__ 1,000 
Stream on Sec. 34 ______________ Carlton sim seein: RekuGrante sees ee 6: 14.. 1,000 
High Bankicreek! 2.2 Baltimore: -2i2225. Isaac Powell-___.____- of 14__ 5,000 
Glass'creeles oie ae Rutland i fo9 2 K. G. Holbrook _____- x 14__ 2,500 
DILVOr CreO kc vee Ln bets coe Yankee Springs-_-__-__- Luther S. Hills _____- ay 74 1,000 
Glass creek ee es Pier re Dey Aros ee te ok Oe gr a anise vy 14__ 3,000 
Stream on Sec. 81 ___-_.________ Burlingtons._ 2-28 Edgar Fisher _______- ‘e 14__ 1,500 
Quaker brook. =. /- 21-5 Maple Grove ________- Taylor Walker -_____- ‘ 14:5 5,000 
Bis brook 2) a0 le St Se Aesyriasco Vee PAkKedewelliise ce. wc ms 14_. 2,500 
Salisbury creek...) 2 ie Orangeville __.______- HiiENIiGhOlsy= ee eo me 14__ 5,000 
Griffincreek 7. te eee Rutland son toes Pv. Colgrove..-=22. Ye 14__ 3,000 
Kenfield creek ____.__. _______- Hastings ers ewes i Cnt & Lipa ee Ss 14__ 3,000 
Heney, branch of West creek-..| Rutland_____________- if DUN A) pe oe. vA 14._ 3,000 
Baraga: 
Slateiver snc. scum ous beet AVON oo eee N.S. Pennock-__---.. May 24 ______. 5,000 
Binecroekiies/ Oaeta bate Barrage.) eae a EF Naty Pp ine ee +8 24. eae 5,000 
Carp liveries! as hee Di eres a Meee CD Ke A a eye ‘8 24 oe 5,000 — 
Benzie: 
Horring; creeks ess ss ee Blaine sok 2 fee A. O. Wheeler-____--__- April 17 4222: 5,000 
Cold Spring creek ___________ 
Eden. Branch=-)2 ie Benzonial eae L. T. Van Winkle____| March 18 ____. 5,000 
Cedaricreek: >: ee ; 
Little Betsey river____________. Weldoniea 2d! Gy Steines see 1S alors 4,000 
pees creek ee Benzoniaes:.3. tia bebe hi Ai: hsic) game pers Bt bee =) Code 2,000 
ig Betsey river Laser Bape . +1105 “ 
Dittle Botsag river’ 2 il as i Colfaxsteitaeer Arie & A. C. Wilkinson___. _- 20: 2seae 7,500 
ie es OSA A belay on BEX Sa Ree ee de eae a0 W. Cherryman ______- SPs ihe 20) Paced ae 7,500 
Clay (Creel tes: Seen fara Inland & Homestead_} J. K. V. Agnew ____-_- se AO eee 8,000 
Berrien: 
Tributary to Hickory creek .__| Lincoln & Royalton._| J. H. Hatch_________- February 26-.- 2,000 
Hearing’s'creek -2 i: ._|- 2 8s. Galienwusssen lois D. F. Bommerscheim i 2655 2,000 
SPEINPICree kus as eee eee ThreeOaks 2 nes ol ty * 26. 2,000 
Warren’s-creek.______--.______. Chickaming -.____._.- Hy Ly ) 26__ 2,000 
Jeffries creek__________- Haviacwed Galion tee Lyanges Jeffries ____- “s 26_- 2,000 
Kian oreee SN iy cas anes eae Three Oaks 52.25 D. F. Bommerscheim si 26_.- ‘2,000 
Day bows 2 oo | evan L. L, Redden -_____ “  26..| 1,000 
Brandywine creek______________ Niles tar Sac Lirias Lewis H. Beeson.___. ne 26_- 2,500 
Se Hit) otis et one BY Sale Es Mag a Geo. W. Dougan ____- s 26%. 2,500 
bemon' creeks. 25.0 2h ee ee Oronokoe- se Geo. Whitman -______- ‘ 265 5,000 
Branch: 
Riley siereelke seein ee ae Sherwood ____________ W. H. Hubbard_-__-__. May) 2 3,000 
Walter’s Spring brook_________ Oalifornia{=522 enc: M. G. Clarke _-._-.__. February 28_. 1,000 
Porter’s Spring brook ._______- aad CY ea rar ae 1 Nd Aen. Jo. 8 os S 28. - 1,000 
Stream on Sec. 2______________- Kinderhook..________- Albert A. Dorrance _- os 28. 1,000 
Shinneman’s creek______.______ Batavia. 223.5 Henry H. Barlow_-__- fs 28 _. 2,000 
Crooked creék i322 Beeb oer BS C. D. Warner _______- ie 238-5 3,000 
Noble'creele too ais ee ae Nobleo@in i, ee RS Se See ie ee eee s 2B: 3,000 
Stream on Secs. 1 and 2_______- Kinderhook. ________- . Al Sem Sie ES 2 28 .. 1,000 
Vincents’ brook di) 2.250 eae Girard 23 eye Ta. aT OW rae 3 ee ef 28_- 1,000 
Calhoun: 
Pine creekjicusoe 0 ee ih Athens & LeRoy..___- W. H. Hubbard_-__-__- March 5 _____- 2,500 
Aldetcreek coo is Mey Burlington & Newton} Zachariah Little ___- bi Ons Baad 2,500 
Harsh creeks) s.2 ce ae oe Burlington 2522-22" Cyrenius B. Knight_- Pee We 2,500 
Sandersicreék ee ED Ve Ba sede Edson Treadwell ___- A a) Pama iee 2,000 


a 
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_ Calhoun— Continued: 
Wormley’s creek. _____..-_----- Marshallie  -.8 J. F. Garwood -._____- March 4____. 2,500 
IBNOS LOOK ee . a eee Sy |S Oe ies ee oe AY Is Sa i yee 2,500 
Knieht’s:ereek ti 52.528 Oe ee eee ee og SMA sc rek ie oy A ie as 2,000 
Tamarack creek __. 2-2 2__-_2 2. Ss a cy SCE Madi one = S Ay" IM ede ea - A eet 1,000 
Loomis'creek=. 2s. UC KTORG 2d os eeee st Cg ee ghee xs 4ocree 4,000 
Pigeou Creek. Ns pe coe Marshall et sae aes a Se ee Se ee fe 2,000 
Pigeon creek: fate 22 5. LES a) a) Ree ie iS. Op patie pales ie 420) 2,500 
Cass: 
JONCE Cregeen see ae ee WaiGrange 242-2 C. H. Kimmerlee_-_-__. te PeO set 3,000 
Sharpe’s creek ____....------.-- J efferson 2» gees wae a A eats i.e 2or eee 2,000 
Stenhensonmereekpre meee ae Si AP a ek a Sol ees SAS? Sm cO Lh ae 2,000 
Pokagon creek ..__._-_.---.-_-- Pokagon & Howard..| ‘ Ch, Pee Se LOL See 2,000 
Centennial Mills creek______--- LaGrange &Jeffers’n| ‘ Le» Gee a a iy. eee 2,000 
Shaw sore: - 22 Sadia... Jefferson & Howard..| ‘‘ chad tg peace th. es 2,000 
Smiths crook | seie sa. 8 ue on rf EAliE gy ES 5 PERN AE oe a) plot ed 4,000 
oonklin creel 225342. 2.~.<.. Marcellus $255. .2 50. E. P. McKenzie_____- aware ener es 2,500 
Ppritio bDrOOK. 24.904... fo Newbury 2322222 5_ CeSseioneseieess se 26... 1,000 
Bipiereok ).. 20 ieee ceo. Marcellus __._______-- Wie tmArnolie eee: Se ae 5,000 
INORG Rea ae mene Sees rie ner. Lode ef SiR ee eee cO sees 2,000 
Mechanicsburg creek ____ ._. __- eaiGrange. ss. AM BaAtwateress. 22-5 Se AO aes 3,000 
Stream on Secs, 24 and 25.____- J efferson Ty 2, Edward Keegan_____- See 26 2008 3,000 
Dette eronk eomeweee eee NT eek S. S. Congdon___-.--- NS) ld 1,000 
Hadgsells creak ee 5. == - Jefferson & Howard _| John Congdon ______- Wai) are epaeey 2,000 
Stream on Secs. 27, 28 and 33_..| La Grange __________- A. M. Kingsbury -___- cee 226 ee 2,500 
Nchutters creek. oo 2s. |. oe Jetrersoni!] 3.) 2 =. SS. CaThorper 22 AD tats eae 2,500 
Spring Lake creek ______-.__-_- US of" ek, Sit SE Bees is ES oe Receeaenepagaes Cie LOSSES 2,000 
Ren Vinercpreek= to. 2 2 ee. Rokavon 42.42 Ee aColby2.. fasts. February 26_- 2,500 
Brandywine creek___________.-- TO WAT Opes ee ee Lewis H. Beeson._-_-- uC 26_- 2,500 
Charlevoix: 
Ironwood creek ______.-----__-- Norwood 2). ---2.-- L. D. Bartholemew_-_| March 20____- 2,500 
McGeogh creek _______- ates Marton cee sires) ae s = ‘Oy\eh 202 fone 2,500 
Stover’s creek... -...__---. Charlevoix. 2)..." as . as ite Oy i Tee 2,500 
Spring brook, br. of Bear river| Melrose ________-____- WabaStimson.-._ 2 Oty oem 5,000 
Cheboygan: 
Soring creek--e- es a Bir teee ee Wm. Hawkins ___-_-_-_- Ser Dees as 2,000 
Middle branch of Little Stur- 

PEON Vere se se te T.34and35 N.,R.2W.| Henry J. Graves_-_-_-- Te 2a eee 3,000 
WoldiGree kaha Fe) a AM Gis ok Rae eiWeewe 25 tt Set OAL me a 1,000 
IMotticneal yc A a: Hebronmes tess. John Reycraft, M. D. Mee oP Vepiceys 2,000 
Stewarticreelk.- 9). eos ee 1h 88) N. 1 ey ee R. H. L’Hommedien. SS Pt 22 Le 12,000 

Chippewa: 
SAMI MBLOAM Arle TIVers- so 025-22 |Po2 eee Mich. Fish Com._-__-- May. Seen 148,000 

“se ete ss hae ee ee bas Oe oe yr ido oe Sts Pee eres 15,000 
BaATCrepices] tt Rudyard see Jone Detiverett. jaa) lomeleuee 12,000 

Clare: 
INO iianiGweess ee SULTOYs eee eer e. Nat. D. Watkins -__-- April plaseee: 3,000 
Headwaters of the Chippewa 

river and its branches _______ bi ee ne te ee John VanValkenburg Aes eaten 10,000 
Several lakes and streams on 

Secs. 8, 9, 16, 20 and 33_______- TAT Nit Bed Wicee ee Geo. M. Brown..--..- aig Ee 3,000 
Silver creek ees ti TYTN Red Wiis fe ie eee a eter Sey ale 4,000 
South branch of Tobacco river Several townships.__| H. C. Potter_._______- Ae nh DES FN 6,000 
Middle ‘ st sf ..-| W. B. Mershon______- UT A ees ey ted 7,500 
Newton creek: O22 3. 2 kk Surrey 22532:2.5.42..- eH. Smits ae rh ee oe 3,000 
Chippewa river _.____..__.____. Several: =). Sas. Cle Dayist: we ae agp HN en 6,000 
Dock and Lowe creek__________ Surrey. oe Harry T. Wickes.___- ONY Rina le ere 10,000 
North branch of Tobacco river| Several.________--___- Wim. Es Potter:.co-__- Lieb hips ep ieee 10,000 

Clinton: 
Meadow) DrOOK: =. eles ee Wagloi et ee Frank 8. Byam ___--- March 21____- 2,500 
Goonrcreek: 0 2S 4 Se IR ETESOREOT Siota| J. A. Valentine ___-_-- v 1 Ee ee 5,000 
IROStUCreeks2 55. . eos eee Wictor. (cee ee mete F. Edwards -- “ Lae 3,000 
Tittle; Maple river... 2-2 Ovidee Neat cae F. D. Cleveland_-__-_-. VY TO eee 4,000 
Crawford: 
East branch of Au Sable river. TUE TNGsrketow WW ccc eee R. H. L’ Hommedieu. 1 PY A Re 15,000 
Br. of S. br: .| Center Plains_..___-- ae 8 B oc 2oteree 15,000 
North bra’ch “ a Sete Uses. Nie be k Wicsce me ee . i ee ee 18,000 
Delta: : 
Dave riverere....-2)) 0... Mas’nville& Baldwin} Richard H. Mertz____}, April 27._____- 9,000 
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‘ . 
Eaton: 
Sand brookweinwem wy Ae od Vermontville_._______- Benjamin Haight___.| February 14_- 3,000 
Jordan brook __________ cet, ‘Chesterisi0 Cees HaSvJordan | saganeis ie 14__ 2,000 
Millcreek toe Cosi eee Walton and Lee -___- Samuel Curtis ______- oe Poy 8,000 
Town Line brook _____________- Walton and Carmel _| E. R. Moran.._______- ee 28_. 4,000 
Emmet: 
Minnehaha creek______________- Littlefield ...__._..__- W. B. Stimson _____-_- March 28.___- 5,000 
Mapleiriveri we ae Pelistonsc ieee sai a Sechelt a tes ie 28.58 12,000 
Town Line creek __.._____.______ Oden ewe ie eieae, me hens ene SUA We eee Cit 4,000 
Sydericreek le a as Mel RN Aa ee ill - phd (io) SSD 13 26s 4,000 
Conway Spring brook-__-____--- SS) Apc Lee ea CO, op ASV rca nf Phoseaenes 4,000 
Boar niviernv eee eee ee Clarionae ar ars: He Basa tata os 28. Suey 10,000 
Bird’s Eye creek.____._-___.._.- Littlefield__.__.______ a BU cid aise peal let i Zoe 6,000 
Gladwin: 
DUCATI VER wwe een drei Butman & Sherman _| Geo. M. Brown.-____-_- April. Tee: 10,000 
Cedar creek _____________-______. Beaverton and others| F. L. Prindle________- March 22.___. 6,000 
MecNellie creek_____.-_.--.....- avon esi Aly) Oat wee ss PARASOL aia Jy iy Pepa 3,000 
Gogebic: 
Maple creeke es). 2k Lee Ironwood ___._______. Chas. M. Winter -___- April 27_____- 3,000 
IDUCiCree kins osama aaa ane Watersmeet__________ A. D. Johnston______- Se i eee 3,000 
i PN eraat slick hes Leman iee elvis Bra AMY slenpte ces Du aie Sr DAN BAW A skedoh el ote be oe a eee 3,000 
Ontonagon river._..___________. CP staal Dear ee 1 RL. fe roma Sree aha 08) Orie peor 3,000 
Little Presque Isle river______- Fe aI lis orp mr us Sats Eile senth sie (00 52 eee 5,000 
Powder Mill creek...__._______. Bessemenie ciently Thos. Kissane_______- +8 eee 3,000 
Welch! creaky ai i) die wiee ae Ironwood ______.____. L. C. Walker____.___- Oe eee 3,000 
East br. of Presque Isle river_.| Marenisco ____-._____- GL. Wright... Se 2 oe 3,000 
Blackirivern ive oe ey ee ey IBessomeresuu ieee ‘ ROM br asttre eee $8 Dang ee 3,000 
Steam on Secs. 9, 16, 17_______. TINWAGING 43 5Wi eee oe SPN Gaetan aro feat, 1S | 1,500 
Notmamed: cal aa vec wee lronwood 2) ae se ph epee Aa i beer Af ea fo 4,000 
Montreal river 2). ) 115) 2 SHS ie ae gy cee He BORN eal adress a thou 2c teaae 4,000 
Hammond’s creek ____________- lacie SUMTER bot yar os sae aay ee ESRI E806 ee aie 3,000: 
Ontonagon river_____.__________ Watersmeet___.______ A. D. Johnston_._____- Re eamUhy Ay an 3,000 
Grand Traverse: 
Boardman river_______.___.___. Whitewater__________ a, doy delle March 20._-_-. 20,000 
Mill CLOOI 2 aha ite iter ah Luda Me Le eee 66 66 66 20. 2.000 
Keiser’s creek____________.____- eee Mtge SALE EGR ID 12 pa eal steerer a lee a g 
Barkerjereek* 1 ie ea tapains lb ie eka een 
Miliicreek ioe ae Too Gare ae hea ett Lak aban ey is Sates bowel cade + 20 sore 4,500 
Whitewater creek_____________. petty a Aste Er eves ae 
Tributary to Platte river _____. Long Lake__________. Jeremiah M. Thomas padianieiie (Jase al 5,000 
Crane’s creek._________________. Blair & Green Lake__| D E. Crandall_______ sf 20.5220 1,000 
Hillsdale: 
Bear Creek) /e Pi eae ae Cambria see Ed. D. Babcock.____- February 28_- 2,000: 
Harrison’s creek _ var sa UAE Oe reas ta M. G. Mallery_______- a 28 _- 1,000 
Headwaters of St. Joseph river| Jefferson.______.____. Marion G. Mosher-_-. 28 - 2,500 
Fellow's creek (20 wii i ie Gm Pittsrord) Lay eS James B, Thorn..___- ve 282 3,000 
Britton’s.creek.! 22900) aa pe TR. a ayt aa ere 
Bean creeks 22h a8 nip ee CCUM AE Sc emiea on Pipe a seb = 2822 8,000 
Hillsdale creek________..______. Sty 13 Cn eat 
Houghton: 
Salmon Trout creek___________. Adams and Hancock.| N. E. McBride-_--_-_-. May 24__ .____- 3,600. 
Stoliisieresk ie) Osos ee ee Hancoc ke eames AV RiGrayererr he 624 5 Sees 3,600 
Cole’si¢roalkk i hue Ri Adams and Hancock.| J. A Hubbeil Cay an (2d aes 3,600 
Swede Town creek ____________. rs He oh James Bi Sturgis... 0). °S\ 24 eae 3,600 
Graveract creek___.___._______. Hancock (3.272 J. F. Bowden-.______-- ‘( .2aeroe 3,600 
Sidnaw/ Creekshes uk Be AT NGO SSAVV ies Bac sate ai Geo. H. Houser ______ $60) Oia eee 5,000 
Breauno) river ies We ea ey ainda mie de? Leonard Gillespie ___|- ‘* 24 ._______ 4,000 
Huron: 
Willow Spring brook.__________ Verona tk tee ew Pleat Boxy) G0 bh Ha ae rag Aprili0 aes 6,000 
Ingham: 
Séely’s creek uo) bree) Delta and Lansing __| Dewey A. Seely _____- February 20-.- 3,000 
Jonia: 
Prison creek and ponds_______- OTA eam | eae Otis Puller22) 408 Aprils ee 500 
Cryderman creek._________.___- Darby 2 be ae Wi-D: Crane:. 85 Poproaty 20.- 1,000 
repair f ieee Pee Otteco, Jy Teer cee ae Hed. Leonard... 2.2; i RAD 2 2,500 


Popple creek .._._...._.__.._... Ronaldye oie) seus H. E. Howarth-_-_____- March 12____. 4,000 
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ounty and name of waters. ownship. epositor. ate. umber. 
Cc t d f 4 hi D it Dat Numb 
Beni k Au Sabl 
Oaloreekke so! tlie soe i eae Ud pableseees Lew : 
Rorinmhegok i... cb eaane Wilbore vce C.. Rs Henry... 2 -_--- AUC Oe eee 6,000 
Indianicreeki. ooo okec rapes aecodaé vie +.. 2.2.5) John Fadgahsong _.3}» °°)) 2.50. 223. 8,000 
Simscreek eee lee ee Tawas and Baldwin..| C. W. Luce _________- Hh ine Annee at 5,000 
CoOldiereeks. Os yi aie eee oe 5 we 20 STEM hk Wade Soa itch frp naa 6,000 
Gaileyicroeks. 5 6 cats se Plainteldese sare le: es RSEWAET S30) SA} es (ar spewed 8,000 
Smithicreelcts co: . oe ae es Plainfield, Grant and 
Sherwood _________. 4 Ue eee es BS; in Qis Seweed 8,000 
East branch of Au Gres river_.| Plainfield, Grant and 
Sherwood _ ._______- ue Ms LMG eh gee eee SID Oi eee aks 16,000 
oe 
Pumphrey creek ___.____-__---- MPOUANO gee sacen sae 3: Ji Ke Ve ARnOeW oot March 12.__-_. 4,000 
Skun creek Fe ae oe ee Ye EES at ce as Pe ae Cay, ped Yaad 18,000 
eri fies ae ee C Fhe hdl, ee oer re Wks Jonesiac-45) 555 sear S 7 ote 12,000 
tidssicreek.t5. no Aste OC ee Ree te eee ee 
Gedarcrebke... eee ee JEIncolivc: oe sees = ze ' L. D. Estee --_.-..--- 13... 8,000 
No. branch of Chippewa river.} Gilmore .____________. C. H. Freeman ___-__- bess) fe EN cae 2,500 
Onion creeles 128. 2th: 5 Chippewa .._________- Geo. L. Granger ____- ah ee ,000 
Mission creek 22 ee UNI On eens ay ieee es CPT) ees ae ats eee 6,000 
Healey creels Us tea tee 6 Deerfield’. 52 fer 2. se it ee etl we ope ae 3,000 
“é ohnson sree Cis. ae Winton Mie ete. Pas Warner Churchill __- Cer isl SN 3 2,500 
otaway creek ..___________-- ‘6 ~ 
North branch of Cedar creek : NODAWAN Ue c chao Geo. L. Granger ____- Lr ee 5,000 
Jackson: ; 
Muckey creek -........:..-..--- WIVOR Ee oo deecka tt se Grove H. Wolcott....| February 14_- 2,500 
Kings Drooler weeks oe ed. Summit we eee George Meister _____- me rhs 2,000 
Milisi cree lite en eet Sy NS Ae Me ar ye pepe sé EM RES Ore 5104. sé 14_- 3,000 
Crouch croeny ss 44.5.202 6254-25 ih pe ee ae ears x SN eee: « 14__ 3,000 
Not named cen) 2s SS Summit & Liberty___| J. G. O’Dwyer-..______ J. 14__ 2,000 
Wocher-streamie... 222 5.25. 2. Grass Lake & Water- 
OO Aes: ae tS De WeClarks. 2.2... L 14__ 3,000 
Boring WroGes. _ |. costes. Spring Arbor & Con- 
COLGMS Stee Rho eee He Go Courter s-2o 22s. March 4_____- 5,000 
eR NON e eee 2 TLVOS ce ene On Will D. Casey.-______- Be A ee es 1,000 
Cleland stream 22.2.2)... Hanover .-2-2-2. Wi Ws Dew 22222. 22=- een epee ee 2,500 
Williams’ creek __._____.._____. UA) ee ae AGS, mA ede: M. D.. oC Ge eel 2,000 
Thompson’s Spring brook ____- al Lape eee pe Eugene Strait ______- SSD tak eee 3,000 
Townsend Spring brook -._--_. 1 OE has abt Sts eee f SSRN ie + Set ae LT ee 2,500 
Trib. to Grand river, on Sec. 23! Liberty -____..-_.__-- Chas. Van Schoick -- Say wiih eae 6,500 
Wheaton spring 4202) 32.0. Hanover ers seule” BySeHeathssste SOS MD atts 1,500 
Grlletsicreeksy sen eee st Springport._________- F. C. Courter ee Ref sf EAS 3,000 
Bnranmicrpelk.= .o-y. 852-0) Ls. ALIN he eer ere” ct emt eM one URELE gH! NE A Bea he 5,000 
Kalamazoo: 
Migint NEOOw =... se ee Flowerfield __________ Chas. W. D. Allen___.| February 28_- 5,000 
Chamberlain creek _____.______ Prairie Ronde ______- John B. Pabst --_2).- ve 20a 5,000 
IDIVgGropicwe sees Ru ee Ss ered ae Henry I. Allen _______ $s 28 5,000 
@Woglies crack) Ss 8. Be Sh i face We Oe Koh)s ss vine es 28_- 1,000 
PA VAIMIB CYODI Set ese o-oo Schoolcraft __________ John Harrison, Jr. _- v6 ot 2,000 
RUT ISORECTOO NG ne iat nae Selina pm, SPT) EC J. W. McElwain ____- Bp 28_- 2,500 
Little Portage creek___________ Wakeshma.___.____-- C. Z. Hasbrouck -___- My 28_. 5,000 
Pierce and Bellows creeks_____ Charleston & Climax_| H. Dale Adams _____-_ March! 45523: 4,000 
Ridler and Earl creeks._______. Charleston & Com- 
aos RI his Fe fs eG 2 ae Oe AO ey 3,000 
Hintonvereekeo = ees ee. Ross sree as ee te Lm ES Os Lg Naga 3,000 
Eagle or Streator creek_______- Charleston & Ross_._| Harry D. Streator - a Se: Wh ee 4,000 
Dixon’ scree ns at oe HMOs eee NS Fred Tubbs_________- February 25__ 3,000 
Pine Creek-sees ten ee Soi P ree 5 SARE RGES) FU" Grob Bardenw.e is bs 9,000 
Little Portage creek________. _| Texas & Kalamazoo. | A. J. Stevens____.___- 3 25... 2,500 
Silver croeks. tue 
sage lke bahar martin? Loon iamo'. ce. queen Ed J. Anderson... 28 eran 000 
uncan creek 22.2.5. 28-2: 
mG AVON eee See emer ade Lea's Lose cdails Ay da ialedys 22 abe. May 21 222! 3,000 
Kalkaska: 
RADI. TEVOT yo oc cl ee tee Rapid River -______-- W. B. Stimson ___. -- 2S. Saas 12,000 
South br. of Boardman river..| Boardman -_-_______-- se ESBS 3/3 dite £8) 28 sate ret 15,000 
Middle br. of Boardman river. SSeS a Gl Oe re LU sect) Witte MP, Be oS 2h ule ae eh 5,000 
North br. of Boardman river_.| Kalkaska ___....--_-- pe Te eee ei = per cette 10,000 
Rapid river ___.- Sey eee Rapid River ...____-- “ BEN oe 11 OE: = 3g), 7,000 
Kent: 
Whitney creek ________________. Blaiileld ete ses eee oe D. L. Stevens ___.---- Aprilé.o.=- 3,000 
Stegman creek ____.._..__..--_- Courtland & Algoma) F. E. Wright --..---- February 27_- 2,500 
Birawcreek@ soso A el oe oo ise 2,000 
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Kent.— Continued : 
IRUMCTOG Kin nem rN ee Courtland & Algoma_| F. E, Wright Sola Re February 27_- 2,000 
Barkely creek________________-. Cannon & Plainheldaiive. sia pnw soe ss PAS 2,500 
Tanner creek 2.02. {f0 }.- Lk Algoma::-i6 Sen. Robe Carlyle.) a i 1,500 
pada See She een ‘ Cannon & Plainfield_ 3 Mn Tie sei cs Py is 2,500 
Hutchins creek ______.________- Algoma & Plainfield. a Tener of hee 1,500 
AUStINICreGkd aie. eb slow ay ponetlend i Ue are : OD UB Beeb lire HY Pape 2,000 
Baker creek. viel oe Cannong))) Sete ie TS cs PH free 2,000 
Little Cedar creek .______-_____- Courtteda & Algoma.| W. H. Wheeler____--- Hf 27_. 7,500 
Silvericreek =o. 2 HL Nes Tyrone & Sparta leg A CAGE Darling tse March 14____- 2,000 
Ball creek oe oo ie Pre EER AC A if ee Heese OS eee ot epee 2,000 
Sparcarcreek wo. ee mess artade 2 sun eee a Deshi at aceeo eee Mae pee Fhe) 2,500 
NOME INO eke nto eens ede No. partof Tyrone __| J.S. Ingram, _______- Oe Las 1,000 
Tributary to Bear creek _______ BY TON 2 soko ae cea Frank Narregaug.- = February 26_. 2,000 
Batternut creek. 2.22). Byron & Gaines ._-_-__- aigky) 262 2,000 
Tributary to Rush creek______- Byron aust hires ee se fs My ag “i 2bEes 1,000. 
Beaver Dam creek._.___________ RS HA ERNE GM eae os gs aes os 26... 2,000 
Smith’ sicroeki../2 025 ee Caledonia___________- D. WW. Dutcher Re # 14__ 2,000 
Stream on Sec. 24.____..______. Soe 2EOE CES © ary chat 5 A RL ee ne 14__ 2,000 
Becker. creek eesstn eu ee eee Courtiandsa ee. oes) Weare Parkinson .-_-_- xe 2 2,000 
Rogue river oo 1027 Cee Plainfield tooo 7p WB. Stimson we. March 25____. 10,000 
Shaw’ sicreek oo 025 te aco A OM ace te eee oh, pL eae eres Ash fo : 5,000 
Edgerton creek ©. .2---\-. 2.222 Sag BSE Si ae % F274 i et Ui ser ‘Se peOemeae 10,000 
Lake: 
Br. of Little Manistee river __.| Ellsworth ________-- H H Morley =22.2-2: to dee 2,500 
Little Sweetwater creek______- 1 Op Webb eae Pe ze Sed Ot J.S. Stearns -_______- i i Dee 6,000 
Buck creek is. iecue  e eee Lake & Branch _____- CCH. Batesy.te eae oe 1S eee 2,000 
Little Manistee river _________-_ Genter ei soe ee ee BO leaders metas pealaniaarts a 502 2,000 
West br. of Dannaher creek___| Pleasant Plains_____- Jobs) Brande ee iC SS eee 2,000 
Bowman creek ____--_2__.____2: Ake uo. as Cio. Bates: 222 oe +t lS aeae 2,000 
North Branch_-____..-/___.___. 19 and 20 N., 12 W. .__| A. Patriarche CR ES 0° “16 aoe 5,000 
Little Manistee river _____.___- DOEN S03 Wie eter iG I patil Sie ease nae AS ae 4,000 
AVGry Creek. ctus he So haere Cherry Naley.-:-.._- W; AvAvery. 02 soe MeN! Fos 3,000 
Daniher creek_____________.__-- Pleasant Plains______ L. A. Carpenter_____- ‘sO uaeeees 1,500 
Sanborn creek ___.__._...._--_- Three Towns ._______- B. B. Mitchell_______- We eel Oe 5,000 
Middle branch of Pere Mar- 
MTS EEO MEL) Seles Fimo re a eh ene s SRE teapier ale 4 R. H. L’>Hommedieu eeDaR [yest 4,000 
bia cey- creek eee ee NAtes Seog Re ey weiss: * Ml ME Men alkey pats? 3,000 
lronsiereelkas ie pe Himig hile aes a Js Kea cAenew. ee os +S oe Osea 12,000 
Little Danaher creek __________ Plaine eae ees, tse ss Ag Oe ie peri (user 5,000 
Little Manistee river _______._. Elisworth -2te2 = W. B. Stimson ______. eo Ree 10,000 
Lapeer: 
Dutch creek. 5.2 tee Cleeeoeee Orevonsss ori e Hiram Jones. _______- 8Cr TO oe pea 3,000 
Webster creek_________________. Hadley 258 ee F. Hemmingway- pe EG ela 5,000 
Brocker creek 228.22 ee pgs ale fags, Bilger uy if ag ee 2,500 
Hemmingway creek ____.______ Piguet Mince ce Se Mt a TS a Oe mambo 2,500 
Branch of Hunters’ creek _..__| Lapeer -_____________- CUACS mith 2 205s 2s o0 ig) Oo eeeness 2,500 
Farmers creek 12.022) Metamora & Hadley_| R. B. Conklin_______- ane Ser 8,000 
Branch of Farmers’ creek -_ .__- ae ss s esse: Lie ___________. phate $Y eve nie 3,000 
Leelanau: 
Streams and pond on Secs. 3, 
ZEIC 6 0 Vay. ead d Sen er ema See uO Leelanau _____._____- N. E. DeGolier______- O20 eee 5,000 
Lenawee: 
Woodward creek_______________ Hranklineiesano oe H. H. Halladay_____. VS a53B ee ee 2,500 
Byans creek us) 2 Franklin & Tecumseh} M. J. Pierce_________- vt ene) eee 6,000 
Livingston: 
Cedar‘ creekee ns eal Mariongeceest. 2 se iee Daniel O. Smith -___-_ February 20_- _ 7,500 
Macomb: 
Troop. CLEOK area ee bea BYU COMEER Beas ae ey H. W. Bradley-____-- March 8_____- 2,000 
Eldred’s creek ____._-_._______- Shak ere tanned ey Sea a Sa eee pepe 3 hp 2,000 
Streetor’s creek______________-- NONE pc Gt ll Ware RUE he Sic UNI tL Mave eo ie oe 2,000 
Smith: creck csie suey ees Washington ________- : Ue Se Saree 3 as Asbo fuer 2,000 
Stream on Secs. 4 and 33_______ Brucest = eek pb OSU eves a Sean Sr oa Oa Geeta 2,000 
Prost’s creek yee eae oe Washington_________. s i hae NS sei AOE oh eae eey 2,000 
Mackinac: 
CWoldman creeks2.).0 a Garfiel die eee Wm. Hudson’ _-.2___2 April 26.222 3,000 
Carp river sail. loa st eee ee St. lgnace______.____. NL ESDLCO Loewe Seo nee eee 9,000 
Coolcrecke «(0 250 ait ares Gartieldc ne ie Wm. Hudson ______-- AG yee tent oe 3,000 
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Manistee: 


Kill or Kinnie creek_..____._--- Browns town-.___.-.__- Os Stemm west ae March 18____- 2,000 
Conger creek... ..---. 262225. Maple Grove ________- J. K. V. Agnew..____- xe 20 eee 10,000 
Worfa creck. 88. ae): Fae IBTO Willen. teh aeee ee UE | ala Sa iy 20 4,000 
Bear creek branch ____-_-__---- loons Ber te Werke omithes 22 ie tS 18h: 3,000 
ableicreek ss. eee ee Seer Sm ee: Coe CP io Th. Ree ees ie 1ST es 3,000 
peder creek: 4) OF a Maple Grove__-_____-- Alfred H. Mills_______ eam @ Fo acta 6,000 
Marquette: 
Tattle Falls\creek! 22). 2. RODUDLIC 228-te-. eee Peter Pascoe __.. ....| May 24-.._____ 6,000 
North branch of west branch 
of Escanaba river__-___.--_--- Tilden and Palmer __| Geo. A. Newitt_______ eee 2A cs oe 6,000 
Mason: 
Tai GOlH CY@Ow . 55240 b cen ss. -- TSENG 102 Wrest eo 22 | Goo MeBrown 2... March 18.___. 5,000 
Big Sable. wet oc eee ZONE DEW eee Wm. H. Baldwin, Jr. ee 184s 15,000 
Weldon creek)... 2): Saas ranchesseees 2-2 see arnham Lvon ooo. ss 1833080 3,000 
Dan Whalen’s creek _..__------ AMDOP: so ee se Valentine R. aang ¥ 1Ssea) 3,000 
Geobolt's creek: - soe es ee: A elas 2 ie ens pd ati f: 189 3,000 
Upper Weldon creek .________-- Jphuroicelay yo Wy Henry C. Rawson_-.. i 1522 ee 3,000 
Mecosta: 
Black oreek £5220. 20 45-26 5e: MHbroGk. 8.12 oe J. K. V. Agnew...--_.. See et ig _¢ 5,000 
Little Chippewa river____-__-- Slaridam42-22.--- a poo 1 EAE Ege 2 ve Azan, 8,000 
IBambee’ creek: 22 etl. eet i) fed fe Gag Se Oe eee ¥ 1 5,000 
Randy branchveees 222s. -. Martiny & Chippewa tS Ge Ay ee = s Reoiiae 12,000 
Marshfield creek ..-___.____-_-- Colfaxtess aes nee Jew. Meller i222: ss 12 re 8,000 
Romtercrockes 2 et Wheatland & Norton! J. K. V. Agnew______-_ ee i Oe 4,000 
Hughesicreg kee ence 2 0 Martinyeen. 9) oe . Car LAC eek W t [oar 7,000 
Stream on Secs. 17 and 20_____- Chippewa Paee hs, re ae James A. Roof ______- os 12a 1,500 
IROUNO ViCTeG eee foe ie ea Sy oe ts Sel Me eeet.? ee 1225 2,500 
Black Lake creek __-________-_-- Millbrook & Belvidere Lorenzo D. Decker _- ee LOS 2,000 
Blacks croc lkwmee see aaa te Hy Cogswell 322. A 12s 4,000 
MAGS CTaG nameeeeker te tes a tae Fee Ns ee W. B. Stimson _______ February 19_- 7,000 
West branch of Pine river-____- Millbrook & Rolland.) N.C. Mason.________- March 12.___. 5,000 
Little Muskegon_.__-_-__-___-- Deerfield -.__-...._.-- W. B. Stimson ______- Me bis te Te 10,000 
Borland cree kee et $6 ON AYE eta pees Oe le Se pt Ul is (ee a PA) oe ke 10,000 
Midland: 
Wiartner siereeks.2 2022220206. Genevarse= oe L. F. Babcock... ____- April aes eee 2,500 
Blot creeks) es a Jerome and Warren. a Ot Seana pap mg (ba Degg -s 8,000 
Babcock creek _______-._____--- Goneva ees ea ‘ Lo sale eae ang le swe oe 1,000 
Missaukee: 
Wialhisicreekess 02.2086 Wake 2c OR eres GaW, Crosbyii22s 2 March 28.___- 4,000 
(lanmeree kee foo soe) a ue LCase aoe a ee Deb Kelleysensess. = $e Tees 15,000 
Montcalm: 
Town Line Lake creek._______- Boelvidere24-=-2--— J, K, V. Agnew_-...-- re Leet 6,000 
BranGvcreek se: ots ek Winfield & Hinton.._| Frank J. Rosseau___- ss NW be 2,500 
ibashieyzcroeks=. 0 222.2225. Cato & Winfield ____- S. J. Youngman_____-_ Ss 1 Ve 6,000 
IRicnes cregneese ee) Log coc see. Cato & Belvidere____- sf LRG Mitel s ae 6,000 
West branch of Flat river ____-_ Pine Seer nee. 22" : SS ORB nh 28 Wy j VAR TS 2,000 
Horse Shoe Lake creek_______- Belyidere;22s ee etchs pee oy jee 2,500 
Stream on Secs. 21, 23. and 27..:|| Pine_...._.._------.-- es SEPT el hE My 1228: 2,500 
REyingicvoo lowe. 28 8 se Lee ee Pee 8 Sa ese oS 12s 5,000 
Wiilesrcreckweess e224 Cato, Pine & Douglas| ‘ Pee Se Zee 8,000 
West tranel of Flat river______ Pine & Montcalm____| “ Le ah ahaa eS aes 8,000 
aharcreekeeee eee se Home aes ee: W. Ri Jones 3-2. -: sf 2s 8,000 
Giger creek. 9 Sa JAR eta tA. 1 eee ne Wy 3 SES phere x 12s 7,000 
Sacketts creek./-22) 2a CED ae iit 7, es Same a fat Gert Dy jae 2,000 
Kirby.creeks eee CO eS, ee ef, se ie ee Ee sd 2 2,000 
Two east br. of Cedar creek..__| Day ___.---._-__------ James McCrea-_-_-__-_-_- rs 12222 8,000 
Mamarack.creek 22. Winficla and Cato ...| J. K. V. Agnew.--_-_-_- ee 1etews 15,000 
Wastia creek: 70 ea Bushnell eee H. E. Howarth._____- i 128 4,000 
Stoney croek:.-- 2. eee Sidneys..22) es eee FE. H. French -..-22-. . 12 2,500 
Dickerson creek-_.________-______ Ch datas Tue OLS eae C. Ellis Elliott bee ae, og j Ps a 6,000 
West branch of Fish creek____ te and Douglas: ioe es ee oe = NPE 2,000 
UIGR er OTOOk Yo... i, gba aey couse Pine and Douglas..-_- ef ot See Sf ADE: 4,000 
Dring creek... °2)5_ sa ee Pinese. 2 ese ss ees ev T2see 4,000 
Puconicreak..°. 2.) Ss) ee Douglas: a ae - ur Gene eae i 122: 4,000 
meedicreelk +) yo". ees ya Fhe | eee G. ‘iT. Howarth Dee sea bh 12a? 2,000 
Willaticreekee. 0 Ss nee TOVOTREGOI Se. thet pa ata mee Ba ees < 12eeeee 4,000 
Branch of Fish creek..____---_- Maney ese es Benj. Vounges> 23. * 12565: 2,000 
Horse Shoe creek _______.___--_- Montcalm? > 2.222: Teli Phelps a 75h... February 20_- 2,500 
Suringiereekw soo bunk Maple Valley____.-_-- Sid Y. Bullock Ble zt 20. 2,000 
Cedar creek=*.. 22... Wintel Seer pee rel 8s Ree eh ee . 19_. 3,000 
Churelieroeks.. << *\s. 20... 2... yw Ae © A ee Ss. C. Scottwe sas es eS 19. 4,000 
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Montcalm—Continued: 


Handy creeks rn ee ee Reynolds, Winfield 
and Catos.. sett Bo Oy Scott. 2s Sy sie February 19-_- 8,000 
GRICE CTO le ee eas ea Piersonand Reynolds|  ‘‘ SS Nig et ection Neel a 19_. 2,000 
Salt Springs creek .-______--__-- Hurekage eee ie ees Ty LicPhelpsec aes ne 20_- 2,500 
Cliffordiereeks. 2a ae ees Montealmiss222 eee 9 RO iLL RIDE Selene ‘iS 20__ 2,500 
Spring: Créekcts 2 see Burekare so: oe ss FT Hk oe eae ‘5 20.2 2,500 
Wilcox creel ees MAD Ua ea ak este PE ¢ bUtapineee eae 1D ss 20.. 2,500 
Spring brooks: ..2 22 2s Day and Ferris _____- DM TOS beer c tone eee March 12.___- 3,000 
Tamarack river #2 32220.2.025 Reynolds_._...-2+.2.: W. B. Stimson _-_---_- s 20. cit 10,000 
Muskegon: 
Diver creeks... ks fe ee bake i 
Thomas Creek. 2) ee Whitehall 2 es iB. Moshugglege 2205 es 4a vee 4,000 
Flower creek ____._--.---- aoe 
Rudimancroek 2. iu bek ease Muskegon___________- JAMOESEE Tbe eo sees o 14ccee 2,500 
pie Bear oe See eo 
ER WWC AT ICLOCK S22. amen saa tate 73 66 
Black PCS CR hee Wane @ puLMinn Pearcy srt. tc E. D. Magoon Sete ae 147 ee : 7,500 
Greenicreek @at2ec he. eae 
Powers creek_________________-- Norton & Fruitport__| ‘“‘ SENS pee aetiet uN ue 4 ee 2,500 
Little Black creek __-_____--__- Muskegon..| ‘ leh a earn ss 145 Nhe 2,500 
Crockery creek ____._----------- Ravenna 222275 ew E. Bartholemew --__-- * 1438 2,500 
Titatute creek... 2.2... =. ee At Cee aaa tae PEs Wee eee ey BY 14258 2,000 
Gulley’s brook......--..-_------ Oe in aot Mie @ RURRAE RR Miles M. Brafford___- #8 14 3,000 
Newaygo: 
Bigelow) creeks22) 2) Seas Brooks se5 <2: Beaders S. D. Thompson ..___-. Me 1 12,000 
Tennewait creek ________-_____- Crotonea2 as “ BC Goi fy kai i Laas 3,000 
Thompson creek...-__..----__-- Everette ees eee is a a asthe $8 JAC ae 3,000 
Penoyercreekke 22 Vuk a Gartieldisn cae Nes Je KK. Vs Agnew... 26 ‘s 14.0. 5,000 
Williams creek______..-_______- Garfield & Sheridan.. iy mich ay Sa Rg e 14 eee 8,000 
Broolss Cree kes ie Oa Se Brooks _____--- eee etl W. H. Kritzer_______. ie 14 hes 3,000 
Bigelow: creek (Jovi 24 3c 1a Eee ioe ee ee Edwin O. Shaw----_-_-. 14s 6,000 
Jim Wright creek______.______- Denver oe 2c aes James Stannard_-_-__. ht 14S 1,500 
Harrington or Heald creek___- POPS SAA ol SR RE gi Andrew Gerber.-.------ Cee 5,000 
Wiliams creek j..32 eo Sheridan s.cobcce 20. - ah een ae eH Tee 3,000 
iPickerel creeks! 252 eee ERO Yes ee Se Chester Brown_._-_-_-_- at 4 5,000 
Codar creel ae ea, SSA STi Taek PENAL AN ey NE TAY Harveyue ese at pg ent 3,000 
Oakland: 
Shiawassee river ___.__--____-_- Springfield. B Ghigo ae in O22eas 4,000 
Shadbolt creek.___.___--___.__-- Orion and Oakland_-_| Simeon Grube-..-_-_-_-- SS Quan 4,000 
Rainticree keesie ene ei aes re Orion, Oakl’d & Avon ee Oa Si ele et ¥ Ei 5,000 
Oceana: 
Shigley creek 02/522 we PLAT e Pie che a E. D. Richmond.---. He Oi aes 3,000 
Russell creek______..----_--.---- ie peralelia ical st ann Ctra of sary Dea atv oalt es i Te 3,000 
Membrix creak (20 ee Golden) jr ays pier oils + of ae tone ete Ee 14S 3,000 
South br. of Pentwater creek__| Elbridge, Hart and 
Wea»>ee setts e oe ae A Tp ES sf a Sete 8,000 
Gunnix creel.” ) Ue eae HTDrIGgeye sew ee u eS Fre ete WFO Cok My a Bae Soe 3,000 
Ogemaw: 
Brooks'ereek=2- 22820 .e ee ROSO eet be mueller Hiram Hodge_-___-_-_-- April: 2s ae 3,000 
ae biog ss i Klacking & Gumming oe capi eatr UR els SAE ASONL for 3,000 
tream on Sec. 18 ______________ tdwards £Ogemaw 
Horan Haws vroata tn ee “c ve i G. N. Hauptman-_-__-. March 22.___. 12,000 
Stream on Sec. 12 _____________. Hadward secu ee th OH ch Oana ve 2250s 2,500 
Rifle river __-___- ph > I fe a Ogemaw 0 bees R. H. L’Hommedien. fecal 12,000 
Tittabawassee river____________ y SER pal Oreeree oe nets ey 22a 24,000 
Ontonagon: 
Little Cranberry creek.______-- Ontonagon..-________- W. F. Sawyer ___-_--_- May. 2bsenaos 1,000 
Union’ creek eso set i as Garp Wake ei i ne Uhr 0 a Sea £8 eh bya 1,000 
Osceola : 
Narraway creek______.._____- 
Dock and Tom creeks_____-_-_- Hartwick andSylvan| J.J. Reik ____________ Aprilsis aes 2,000 
Micks creelk Sees es 
Sweets creek soe a Richmond] ess Edwin Wood__-_-_-_--- erepn Wskth esos 4,000 
Rattailcroelk: 2ovey ee Orient! 245 Siete iat Baten eee pee Ep eae Fe 5,000 
Benjamin creek______.._----_-- Rr tau ert einice e Tu wa Teale by MoM BERS Sr i SOR Peel Pes ne Sate dees 5,000 
Sandy crock ii Ayo rr Rich RENE Og HN PEE hae i rt a eens soe be 5,000 
Town Line creek_____________-- PRI ppeniar la touaa eI al W.B. Stimson ______- March 28.___. 9,000 
Snyder’s creek ___-_____________- OO UO AE ERY on HG Pe rs say ieee streraas ‘s 28... 2,000 
Ghost creek ___....--.---------- Marion cUcr.o huh eo DOs Bry Sooke oo se hele © 3,000 
Pine riveree: cane eee ee ee Bardel2 fe W. B. Stimson -.___-- pnreeh ie <} este. 5,000 
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Otsego: 
East branch of Sturgeon ------ Wanwi these a5 kone Jas. W. Turner _____- March 22____. 5,000 
IBOyne Piven on .20 2 eee ieee Eminem ee ee W. B. Stimson ._____- Seo eet 12,000 
Mossback creek_____-_---._--- 
Brown Greek 6.2 ea Dover & Livingston _| John D, Porter _____- ad y casees 9,000 
Wueslie’sicreek: +. Ries 
Headwaters of Sturgeon river_| Livingston _________- R. H. L’ Hommedieu. Soe ages os 15,000 
Bigger] Dover --------------- Fred Barker __.._.. 2... 8,000 
West branch of Sturgeon river| 32 N., 3 W. __________- R. H. L’Hommedieu. AE pal Aaa 15,000 
Pigeon river and branches __-_| Dover _____________--- AvtA, ApTANG Ls ols DY hy Ae Dada 12,000 
Ottawa: 
Vonker’sicreelk 222222000 a. Holand see ete Arthur Baumgartel__| February 26_- 2,000 
Pine preg. 0te se eee bad, ‘dee boahdn trad Stet J. A. Van Dyke ___-__- + ig 2,000 
Piseomcreek:- ose ee Grand Haven __.____. Frank Myers ._______- March 14.___. 4,000 
Robinson creek ___._.._.....-_. IODINSOnPs eet oes Frank S. Wilson ____- oe ey eat Way 4,000 
WIGS: CrOOk s5 Se ee semen ee Spring Lake ________. a are ee id Wie ae 1,000 
Roscommon: 
Sugar creek 3.52) Lae ee Neston <e) 7 ews R. H. L’>Hommedieu saith Nile ee ee 15,000 
Sanilac: 
MalVs creek sos seer sete WORLD e some ceee Senee Rudolph Pabst _____. i Mag tik ipa 3,000 
Bis croeka eee es ee Bexingtone. soe. ohn W. Norman ___. be iat ek Pee 4,000 
Shiawassee: : 
Goon creelkifa so) 22-2... : Sciota, Middleburg 
ALGGr CreGkiseeceroee co SHOVICI RS James A. Valentine__ AD Poop WP Dt be 4,000 
St. Clair: 
ilver Creckwuee ee cero. le Greenwood___________ Paul Willey__________ i ali a 4,000 
St. Joseph: 
Pebble brooke sete ee Nottawaoe-oc...- EeAeOlappeasess ce se tp are ee 2,500 
OCI Ti VOnmeo. oy es. Lk Lakeport & Flower- 
Sa On So ae 0 ee HaHa Whipplerss.e- ets) TTS te Ake 9,000 
IROLGR RS TIVOrie oc oe Dalaport & Park_-_-_- th (cena ye SUS 2s 9,000 
Stream on Secs. 21, 22 and 28 __| Summit _____.________ Frank Kenyon _______| February 28_- 3,000 
Tuscola: 
RMT ee eae, ot Indian Fields & Al- ; 
MOS See Charles Montague.-__; April 9 -_____- 5,000 
Wikhitercrogiccn se seln yc . Rillington 22-35 
Deadicreelom bce ATDOLa cesses H. D. Hinkley _-___-- “Sade Chane eae 5,000 
Van Buren: 
AeklewmoGreek ess. 2e 525.2, 2 ANtWerpieseeeeeseo Lincoln H. Titus -__.| March 5_____- 3,000 
WLLLOWReTOOK a) st ner 2 Shelton Jt Sl Dideige ty t= Ue ec weayue tee ee eC 26ca ue 4,000 
Hayden iereekus 2.5.05 0... AMON Ato. tte woe George Borne ieaS 3 nn 2G ees 5,000 
Crystal Spring creek__________- IPOTtOr see eee emer | ChB Dey pee vale Mer, Pepto ba 3,000 
Headquarters of the Paw Paw 
TEV Gla ee ANGWOLD ue on ke een ee ee ens A AO tl < 260ee 4,000 
Spice Bush creek _____________- Geneva fees oe John C, Merson-_-_-_-__- Hg ad ina 4,000 
Three Mile creek.__..._...___.. Bangor & Geneva___.| Wm. Broadwell, Jr._- pe rss cana 2,000 
Tronvnum creekie 2 2 i Paw Pa wit. wie) Calkins lene sss Se eae 2,500 
Anderson creek ___.____________ ‘Decatur eu setae Frank Stapleton-___. os Wa 2,500 
Brushecrock stereos Hamiltones enon. ue SON i el ee Hh Va 5,000 
Watkins creek -_-._-:.____.___ Geneva wake eke ee C. D. Stewart____.__- oe ire ep ete 2,000 
Washtenaw 
aett’s ereeksemeue oe 2. 8 Sylvan Sees Calin. liettsae oer February 14_- 5,000 
OUNAMOd Bees eee oe Pittsfield & York ____| Geo. W. Walterhouse : 14. 2,000 
PRint creek tees ens Get Ypsilanti & Augusta_ ef t +: 14__ 2,000 
Eloming: creole 2) eo ee Superior & Saline___- os “ ie ih 2,500 
Townsend creek___.__._________ Ann Arbors. Lt Emory Townsend__-- a 14: 6,000 
Hieming creel: iss sae Tele x Pe Piaa yr kee. § 5 relied ines Fred R. Rice_________ BS eh 8 5,000 
Wexford: 
Bock creeks (cl fue yg oy, Springville....______- Dia lee ta. ae March 18____- 3,000 
Hietcher creek 22.8. 2a bo Win! WB Reipeel Lae Ngee ED LIRe Ge? Seat os Ny 1g matey 3,000 
Fresh Water creek.___._._._._- Wieaxtord cis.) seep we Me Sea eee aS 3 week 1S eee 3,000 
Raiiroad creek .......--).0 2... Slaclossea lees James Z. Stanley ___- Sh Nas, LO eee 4,000 
plagie creek:< >... 55 et ae GON et ee ae Mi 19ee3 = 5,000 
IDG Cheesy 52852 cau ee ee Savio: 55. ee ee fs bay ed hi os. a 4,000 
Glawiearoek.... ee Harrietta & Boon____| C. Stein ___..._--_--_- Ae ht Bees) 4,000 
Newton’s creek ___._........-.. Hanovereesen eee MES Fee cr a ieee a ees fe E19 beams 4,000 
Guurchillicreak 225... oes Springville _______-_. CE a it ae aoe ea fy ASGae 2,000 
Hiletchencreek:. 0.22 tn eee ANTIOCH ee ane ae SR eae i alt se tna sy ae LO te 4,000 
Déedarcrbelk sey ee Cedar Creek _________ W. B. Stimson ______- age yh (ee an 12,000 
000 
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Al : 
Duvalicrseeue Mt ie! Mikado .....-.2-----. CyWeroe ke March 10... 10,000 
South brancl of Pius eivei-) Conta 7 ooo] WM Restigly | Yc] aa 
Vannettan creek .___.______---- Harrisville & Mikado 7 aes » 10:28 10,000 
Buff Brown creek _______------- BWESiic2 808! FS ee ens Acker ee pt ee. 6,000 
Blackeriveryee asc ou. hee Harrisville, Haynes y iy , j 
i & Aleona.....-.---. ita icles Ho 10 10,000 
ueken creek 220s ss 0 te Hawes. i050. ois cae ieee . 20_---- 0,000 
Middle branch of Pine river .-| Mikado _________-_--- Ra ecw Cutts _ BS ese 6,000 
UV Chee 2 ie bo Ne re dee Harrisville. ..2.222-- L. A. Colwell _-___--. e 10.cone 5,000 
East branch of Pine river ____- CPuistine Vou, so eet B Angora. cee 10a 15,000 
Allegan: 
ibarnesicreeks (oho eke aes Otsero' sau) aoe Calkinge lee man uns: February O23 3,000 
Drees creck ai acetal, Deena es “i Ae Peas ae A. A. Mansfield ch aneas x ie is 
ackman creek_-__.._-.--------- POWDTIdgS 22 Foe i aan en Gest es fas 
Mitchell creek ______..__._.__-.| Adams & Otsego_.___- Conrad IBY OS. eee ry 10_- 10,000 
Butternut creek______.--...----- Otsego: .us20) Wake Sherwood Bros. ---__- a 10_- , 8,000 
pure proce epee eee ear ee ede ere ee 2 paeen eee bo ie eon 
OSC CIGOK 252 ey ee SOO. joebenn red, Labbs aici." | we 
i ooaeaen orca esa oak nee Otsego & Alamo els a a noe IS “er Ne i: ne 6,000 
Ine creek we By ORO Bet etal a MR nies ek iy Ria Sata . EK. Barden_______.- : = 
eae Lake Roelcaee Re OA ST eS ee LE gee Me Foy cheea? Seas a ae 3,000 
GYO'S Creek ae eit CoN BOOM at: Maem S ohn N. Perkins .___- wal 
Woerrick sicreelkenn) ee a Oteaca & Gun Plains| Chas. W. Edsell-_____- ip 10_- 6,000 
Plummerville creek___.__..___. Ganges sco i oo. oe ao aoinieete val Oks i Due 3,000 
Spectacle brook......._..----2- Monterey _.___....--- Edwy C. Reid ee aoe 13_- 3,000 
Dear creek cw. Bae Monterey & Héath oi ee ees « 13. 6,000 
Mall creeke cio a 2 een oe Monterey 22 ibe ee e ee ga ees he ES 13__ 3,000 
Glifford ereek:) 2253035 Trowbridge -____.---- a er Are cass aaa af 13_- 3,000 
Sand creek -_____.__..- ROE ae Pine Plains. 273". ‘ Ona ae ee Hi 1S 3,000 
Doud’s creek 7 oe Cee as Heath os. ee rae Ms Gi gC Bayar ee i 10_-. 6,000 
Sol preke aen a © eee ie ue SBC] 009 
COLO S RUD ese hes rowbridge _____--__- : evince abasey canals pis 
Doe Line creek 220.) aoc Pine Plains 2222) LaFayette Stuch ___- ‘ 13_- 6,000 
Little Rabbit river _______.__-- Dorrie) eae ee John C, Newman _-__. Hs 13y5 9,000 
Mie ident eanmubatas oO ratre ; Martin coc pie eae. John Burgess _______- a 10_- 3,000 
Rabbit river soos 25 ls al Was lane ieee: Jobn A. Turner _____- ve 10_- 10,000 
free brook er Ty Wayland & Martin _- zi ot ae pene *§ 10.. 6,000 
TAM S' CLOCK S27 2oe 2 wan Rae 6 
Peavisickosk aun hone Alamorcewaes trae so: Ed. J. Anderson --_-_-- 10 6,000 
Eirer creek SRR NED os | Be Oe | 
ee y’s CACO Reet oe Lesaied san aus oe ‘6 6 66 66 ' 
Brown: creek. 250 sey eg ee Cea MENS [lie Bea 10.. 6,000 
pcan creeks Mecattatae cS eee seh ee gD J 
ClalioO CLOCK Shas ees So ‘ 6 c 6k 
Brown’s creek_______________-_ t § wae ncec cee enne SR RRE, PN iene 10.- 10,000 
Alpena: 


Stream on Secs. 31, 32, 33 and 


26, and Secs. 3, 11 ‘and 13..____ Towns 31 and 32_____- Alex. Cannon, Jr.___- March 10____- 9,000 
Antrim: ; 

Stream on Secs. 6 and 7_______- Star & Chestonia___.| Edwin E. Mills _____- a ee 6,000 
nackebicrecla jis \7 Mune Chestonia ty ss ‘ Bins aie aie ee 6,000 
Cascade creek 2.0 ise SMU Neco Seat a OU ay a RE _ be (aes 6,000 
St. Mary’s creek ...2222 0!) 075) Star & Chestonia __-- a se i pe OO oon ae 3,000 
Hillmantecreek yo wee ke Banics i vee C.S. Campbell._-____- February 27_- 3,000 
Orr croak ctu Son Ce I ie Ti boa cael eu oS deag Wet Cresco Neo tl a Bie 3,000 
Dwyer creek 822 oe Pie. Serva MAL Ree RNG Jeff Bearrs__._._____- st 27... 1,000 
Boss creek ses Bea whe ULE ve pA aT AN Me Me ie Meg LO be aa v4 27... 3,000 
Wialsonicreek =a) Dare Pe Fay mes Ret UCHLI erpe Teale " Pana teiabee hes WANG gh io 27_. 1,000 
Cedar river and branches____-_- Kearner & Custer____ O. W. Kibby sera eee ere ee Zee 15,000 
Cold-creek (ics Ves Boys Pe, apa 0 STEN Ri ea OR at os 27_- 3,000 
Crampton creek_-..___-_.--.- E 
Pao cues hale regen amet { Central Lake _______. Chas. E. Ramsey ___- ata eee ye 9,000 
Mohrman creek _____________- ; 
Ogleton creek_________________- + Say Shee earn md OW-P Barber .2225 2252 by 27_- 6,000 
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Baraga: 
IA LOOELVGDI oe ee tae tees ACY OV ie = ate Sem rs ee N: S; Pennock:2__._-- May 123322724 5,000 
Ravilie river...) 2. eee Sk Silty Sos alee aT i eo ate Pewee | Dae aes 9,000 
Silvorvlvonesees. cae BaTApa see es ae: rf Site et Sees seen Lis se ta 10,000 
Orama creek ~~. -.. 4-5 8 tes Pi ANRG@ 242.521 sens< See eke a MOE eee Bl 5,000 
Pine creclsss. ee es ee ee Se BATA ase ee eee "3 2 pee eS VEEL rg 6,000 
Garp .cree kes = ..e es ees eee ales a i) ee te Loske se 6,000 
SUT CONMLVe Le ee es ee eee ee 8 Pe C. D. Sheldon___.__-_- re CO ne! 16,000 
Barry: E 
eanmes creek: 1 ee ee eee Hastings -osseeemoee: Behar barlowss202 February 13_. 3,000 
Pine Gulley creek...--..------- Baltimore: oo: 62.4655. Charles Prichard___- = ise 3,000 
Leonard’s creek ._..__-.-----_-- Irving tee 22 2a Luther S. Mills _____- a 13_. 1,000 
Glassicreel: =) St ee a ph TR gh ie) Wi cop ee poy, te ae de eerste be 13_- 3,000 
Silvercreeks eee eee se Yankesa Springs-_-_-_-_-_- ee nL Ui sae iy 13 1,000 
Hillicreck © oo hore ee eee Hastinesieet ss cate Jacob H. Neiss-_____- fe fee 3,000 
Mitchell creek... 2-22. .-- 22 Living 2 eee se x Cte Pore wae _ 13_- 3,000 
Stream on Sec. 34 ...___--_-__-- Carlton see 22. 2s, Re KeiGrante: 23.25 4 *: 132 1,000 
Orncreek.c. eee eying eeeeee soe et). MaMchiwain ss. ty oes 3,000 
Millicreeice fect oe et Carlton pets, 2s. | aes et ese o. Me see 2,000 
Noting mg i:ce en one eee Seen Fee itland Seer 2 ss Lebed. | Kec un 132: 3,000 
Iprathicroeliis.220) eee ee Hastings@ee. sf 22! A. J. Sponable ______- wy 132 3,000 
Sida Ob HeClo meet see [iy ASN) wee Ae Me SPRUE ee Seg 2 Tate 3,000 
Giggs creek 3. ee Holand 2s eels E. G. Holbrook.__-___- ee Bye. 3,000 
Mangrham: crecks- ee. eo. Baltimores 2. = W. H. Spence ______-_- i 13... 3,000 
Erb creek S25 re eee Hastings. ee: Edward Schumman.-.- i: 13_. 3,000 
Kadalcrecks: eee es) 8 Rutlandzees se SA, Orowellyosuwenns s 1322 3,000 
Gherryioreekie ot fee? Hastings a2 ee ss 10 eee s Agee 3,000 
Stream on SecJel 22-2... 5. Burlingtons..22-..- Edgar Fisher _______- + 13_. 2,000 
High Bank creek.___-_. -----_-- Baltimoressssss ee Isaac Powell -_______- is 13a 6,000 
Griuiniercelky se oe Rutland em. = =.) P. T. Colgrove _____-_- 3 132 3,000 
Heney branch of West creek--_- iA oie Le Jy Veh” ee Sele Wey cope oes 3,000 
Keantield cregkee-se- 2... Hastings tetas * SS Seb is 13_- 3,000 
Murphy creek _-2-.-.- =... 25 Hope ea aatase a art A. L. Campbell ._-_-_-. os 13__ 3,000 
Stream on Secs. 35 and 36_____- LEN kas | ay te CR ee Waid laanceseuss os Me 13__ 3,000 
Rolly creek ee. eee eee Barry foe Saree oes Calvin Stanton______- ss Bre 1,000 
IBrittenGregks aeuceee. 125: SCE st a eee We ee Lyla. oe 1am 2,000 
Cox creek 5 2 eee Hopper ou 3. 2b AY COXs see ae 13_- 3,000 
Bostwick creek 92.22 8. Lz Barry) sos. ot Soe C. W. Collins.___.__-- as 13%2 3,000 
Big spring DLOOke 1-22 ones e ee OT Ting LSE 2 8 Ps JettHuettseess ese. ye 1322 1,000 
Ouaker brooke - ee” Maple Grove________- Taylor Walker-______- a 132: 6,000 
Maillibroo keen. see Steen, ce i ee AH aliners eet. ie 13. 6,000 
PaAleoury. Crooks... 4 oe. eee Orangeville ._______-- HLWNicholssse ses. he Loe 3,000 
INGEN IIO Cie ten pe et Saket Mop fanlabeis Ao hn 7 ne Oe | lo Dae BAe SP Renee ee ae dit 3,000 
Benzie: 
Wlnycreoleeee sett 2 Inland & Homestead| J. K. V. Agnew_-___-__- February 27-- 8,000 
IpLAULOVIVOr ee sete. Homestead ___. _____- W. H. Bennett ______- ADIN Wl eee 10,000 
Aux Bec Scias river -_-_ _--.---- ig Cie ee SL eee ee ae ae eee 15,000 
Little Betsey river____________- Thompsonville_______ CES tern ee 4 oe ae pee Bie Wie We 9,000 
Wrystalicreek se oe es iBenzoniay sees eee : OT Ns ate MI bie Ae ek 2A 3,000 
Pierivatercrop ice me os el) a) Inland and Almira.__| W. H. Schroeder___-_- March 13.___- 6,000 
Pia tteriver ese es) tere 7 ee “t ee qe oes cy ol beeen Mt See oe 10,000 
Ransom pond and creek._____- Almira ooeae sts eee Us thon pS lene hy 13eees 3,000 
Berrien: 
Brandywine creek..___.___._--. Niles). 2. ee ee eee Geo. W. Dougan_____- February 11-_- 3,000 
AOATMiINng’sicreek 2 elo s- Galion! = eae sAren a | D. F. Bommerscheim w Ges 3,000 
Warren's. craek 297. e. Chickaming_______-_- 4 fe ce Gz 1,000 
Estess brook es eee ee Buchanan. ie Ge Reddenmaesses. se 643 1,000 
PIOTE (CLOCK. 3 ease . 
ennox creekis--.- eee eee Berrien 2 eae eee Henry Frank.__-_-__--- Yh Ge 6,000 
Penterbaugh creek___________ 
memon: creek.) sss se Oronoko we see George Whitman ___- ss Gus 6,000 
PArMer 6 ChOek. 5. eee Pipestone and Sodus} E. E. Plimpton---_-_-_- ss bes 3,000 
Hog or Putnam creek_______._. Sodus and Kenton..__-| ‘ Se pew Phe he Bee 3,000 
Band Crock?. 22h see eer eae Bentone aa ee bh ie ssc i one 6,000 
Petieerpel; cu! 2 eee Watervliet ._________. H. E. Morrell __..__-- ¥ G2 10,000 
mele croelcs i.e 2's) a eas Bainbridge & Benton} D. J. Morrison.__---- wee 9,000 
Branch: 
Rrleyesere@kie =o oe ot eee Sherwood eee se ee W. H. Hubbard_--_--- eS 6.2 3,000 
Miller’s Spring brook.-__.-.___. Kinderhook_-_______-- Clayton C. Johnson.-| March 3_____- 2,000 
Stream on Sec. 2.._._-------.---- Pig hy elena Ape Albert J. Dorrance. -- fF Oy Suen 1,000 
Shinneman’s creek-.___________- Batavia ee Henry H. Barlow--_-_-- io a OSE ae 2,000 
herman’s creek .___.___-__.__- Coldwater 2..2...._.. se SS aiheS Sat - vee! ies pose bod 3,000 
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Calhoun: 
enhart7s DLIOOkMee aie ee eee ces Marshall 2-2 eeee J. KE. Garwood ___---- February 13_- 3,000 
PIipeON DLOOkstewee ee ae Uae se wets NC rt isbehagibiny aps ee ie es 3,000 
Pigeon -creekio ewe ae Hekford sie vale : Seer th Rac Ree e 13k 3,000 
Hubbard's ‘ereek. 9550.22 -.- Marshall ico ee iy SB 2 dees ae ie 13_. 3,000 
Lioomis‘ereek yh asc? Eekford -2) See ae Wy Kua He ae ewe R es z 13_- 5,000 
PallibroGkeun tees eee Battle Creek -_______- Geo. S. Perry.___-__-- ix 13__ 3,000 
Bildredierbek fi oe.) ooo wel ee Tekonsha «225255002. AOD Grad 2.0 ee sy ni 6,000 
Holmesibrogk: i oo ee Athens 2.0 Se, Geo. Buchanan __-_--- 62. 3,000 
Nottawalcreek. 20.0. A cra mit a i Ven Ce Ira Warsop bead hee Gob! be Gee 10,000 
Buchanan brook-_-_-.----.----- Burlington 202) sae Scenes ea uh ee Me Gia 3,000 
Thomson’s creek.___..--.------ Athens 2220. s Joseph Beadle --__--- a 6.-| 6,000 
Piarsh (creeks cote eee Burlington: U7 Cyrenius B. Knight-- a 622) Se e3s000 
Cass 
Smith’s CLEC ee 2 hue Hee cet J “pea deter & Howard. C. H. Kimmerle Bais he by G20 6,000 
Jones: creek oo). - 2255. eee is Grange oo coe pee pee Cr we hi Mla og Sf 6.- 3,000 
Stream on Secs. 24 and 25_____- JOLerson 4s. eS Edward Kegan._____- of 6__ 5,000 
Stream on Secs. 27, 28 and 33...| La Grange.._________- A. M. Kingsbury---_-- ay 6.. 3,000 
Wither’s creek ois) ee Porter. 2 Sa WitheRa wees aes Od 6.- 10,000 
NEO te ys rT eo as AS ee Geo. E. Everding.-_-_-- 1 Bos 1,000 
Stream on Secs. 30, 31, 32 and 33} Newberg -_____------- Chas. Wetherbee.-_-- Ne 6. 1,000 
Dowagiac creek_-______-...----- Volinig 272.0 See ©. 8. \ Jones coe: March 6igeee. 6,000 
Spring brooke... iA. 2 he Newberg .___.-------- : ET Ny RENT eee ae 1,000 
Bid CrOGk Vee ou eae Baoan Marcellus) cise, 2222 Wide Arnolds sa. 22 ty Oaakaee 6,000 
Sip es Steen peek. 2777777777 ¢ | Jefferson and Melton} J. A. Parsons.._..__- Sao pi A 3,000 
Gonkilin Oreale. gue ce ee Marcellus _.___._____- E. P. McKenzie_-_-_-_-_- +. | Gopaee 3,000 
Mechanicsburg croak auger La Grange ______-___- A; Bi Atwater 22:2" (CO ee 6,000 
Charlevoix: 
Spring brook br. of Bear creek} Melrose __.._______--- W. B. Stimson ___-_-- April 4. Saas8 10,000 
St. Clairicreeke p22 ee oe South Arm ry en ee C. S. Campbell____...| February 27_- 3,000 
Monroe Greek | 20 essere cee .-.-.----.-| L. D. Bartholemew-- Zs ee 10,000 
Cheboygan: 
Little Pigeon river -__---.____- Nanda ied eae Jacob K. Shook.__.-- March 6.___- 10,000 
Spring brooks eae ee cee BUrtcs see a teen et Wm. Hawkins ______- s Gre 3,000 
Little Sturgeon river _.___.__-- 34 gad SooNG ean Wiens M. A. McHenry.___.-- + Gs 10,000 
Stewart creek._.._.....-.-----. 33 N., 2 W. ---....----| R. H. L’Hommedieu. * 7A Ree 12,000 
Chippewa: 
East br. of Tahquamenon river} 46 N., 7 W. .____-_---- Mich. Fish Com.-__-_-.| May 8. ..---- 13,000 
rout brook =. 12s estes Rudyard Ss oop tata Ue John H. D. Everett..| ‘* 6 _____.-. 4,000 
Bearcreek: oho ie Be eae eae eel gieeeeenene sh ices “3 emt) Wem adi Puede! Tk: 4,000 
rout brook seu) coscda Ses ees EA Mnaiy pau et ra Her AE Wiviattieee see gl (yee eae eh 7,000 
Sault Rapids er wei Pegi, ieee ice geet sepa a aoe ad Mich. Fish Com. -___- April 10 to 
ee June 29_____ 216,000 
Randall Creel se eRe Grantpunee: folen Ole OoSDerbyie eee: February 17. 3,000 
Becker creek (2201048 ae eae er ps aoe ar es eI ee ek 8 ihe 3,000 
OChardicreck) 22. siGe ae Sore ees PADD Srey is ahey eget ae amare 4 Se aN ht RE eas re Wis 6,000 
Waldo creek -. u“ «“ “ aes 3,000 
Hay croak 2. 05ers oN ne fg ee ee C0 Tae ne 
Beaver creek 22.2 02-2 Si lsc en ees Rate rae ei eD ve iA rede eR Se 17_. 6,000 
Wace eeu an Bee tes ae Nat D. Watkins... “Tee 
NOMame tease he damen De ieee te Sag Niet Ne ReiMA eesti SY aig plc a Wal Moonee ie Lise 3,000 
Newtonicreek aa CSE i aati te de ine yee ES Hisomitniee ss: 6 n Ay 3,000 
Several streams on Secs. 8, 9, 

AG, 20 tania ae ok eae TAN AUN iemeris ed ee Geo. M. Brown..____- March 20____- 6,000 
Silver'ereekrsit kissd wid eee TAN 6 Weer ec Bi noni oras ! of Si) om a et $20 ae 6,000 
Norway creek. 2. 22207020) 53 Pom ple wre ee Bae fe CuSteimmaitinr sn esl. AprilAjeeeses 6,000 
Gishawash creek____._________- a ar hala Ot a gS ah EAN rc = ts eas alk nae ee pier) pep sts 3 6,000 

Clinton: 
COON Creek fx steer ce oe Middleburg & Siota - - A. Valentine.______ February 21_- 6,000 
Little Maple river ___-_-_-____- Ovid eye Creu F. D. Cleveland.______ eo bees 5,000 
Aldericreeke Gavi Maa oR Ovid and Victor ____- Chas. Cowan.._..__.. ah alee 3,000 
Meadow brook..____.. 222222 2 F Veal Ce Weep Ya Quieter ual na rank O. Bryan_____. sf 18_. 3,000 
Crawford: 
North branch of Au Sable weal, 28 IN ls Wikies 2 ees R. H. L’Hommedieu_| March 21.___- 18,000 
Bast cee eaten pe DUN: 8 Wiuiial de cue i ve Soe eer Sen 15,000 
Br. of south br. of Au Sable __.| Genter Plaing! eis 2e sé E oe 7a Bag Sa 15,000 
East br. of east br. of Au Sable} Grayling ____.___.____ A, E. Newman--____-_- ne ye wwe 10,000 


TWELFTH REPORT—STATE FISHERIES. 


Brook Trout Plants, 1896.—CoNTINUED. 


12 


89 


County and name of waters. Township. Depositor. Date Number 
Delta: 
DAY SiTIVElic. ute See eee Masonville and Bald- 
gl Wines eee a eo Richard H. Mertz._..| May 6 2______- 6,000 
ickinson: , 
Stream on Secs. 6, 41 and 27 ._-| Breen ____......--._-- 8S. H. Bridges ____---- a Lo eee aly 9,000 
Davis ercelkt- 22) ae Breen and others__-_- - Ne A eee ah aaa 6,000 
Eaton: 
MEY creelijes. cee Sa iwaiteen Walton and Lee -_-__- Samuel Curtis ______- February 21.- 10,000 
Town Line brook ________------ Walton and Carmel _| E. R. Moran ________- se 21... 5,000 
Borer syres OE Ea bas RRL eR! esters. 320.242 F. S. J ordan : een , aa 3,000 
Ol brogloete eee ae OL Skee pees a See hh neers fe iss 3,000 
Jennie or Beeman brook._____- ‘te? Seen BESS i vy cebu (nee meee P bd 15-2 3,000 
Panos Creeice cb eee 2 Vermontville _______- ce es ty via GR My 1B. 3,000 
worceare prook: 10 2 COLT Rae Ses eS = (his <p Ree My 13_- 3,000 
Emmet: 
Beat riveree 2. ee OlarionWees.24 42 Ps2 W. B. Stimson ______- ADrMae ae =. 10,000 
Maple river 23 a: Polletoms 0s) j.ip eli sy Midi se Re ae pert Saree 16,000 
‘Genesee : 
Boegole’sicreaek:< 2.225... Genesee ___._________- C. M,- Begole___.._..-. February 18_- 6,000 
‘Gladwin: 
Chapman creek -_._.--...-.----- Edward and Clement] Geo. L. Lamb-.--_-_-___- March 6__-_--- 6,000 
‘Gogebic: 
MeDonaldivrivers 22 2---2-4.- Bessemer __.-_-_-__--- alee Wirigh tse. 2 Mavi tes 5 as 10,000 
Biemers creek: 2.49.4... 2 2-. Ironwood & Bessemer| ‘‘ LS Le Ee See os by foe Bape ee. 8,000 
WueICIL CEGGK eat 2 oo Ironwood _____.------ x lA Nae ct Ua es MU glee Sete 6,000 
NGG an6 Cee ee J2o\) clde Sat ae eae es re) 1S EMRE AY Roe ae fa Sate (i Ss 6,000 
Hammond’s creek _______.-.--- nage | | eee feo ae See) Silesia ae. ese eee 6,000 
Montreal river __.___-.-_______- SS), ee mo fe a anS Be aE Wa | hehe tees 6,000 
PIMCIE PIVOE ete su eo a Bessemer ______.__-_- Me alk eae ae tnt | ALSATER A 4,000 
Little Presque Isle river______- Wakefield____.._____- “ STA RL eae eS cay ha eee ey ss 10,000 
East branch of Little Presque 
Tele Stver aete 28 see Marenisco___._____--- i aoe tet Ss coy} AS a been ee 4,000 
Stream on Secs. 9, 16 and 17 .__| 46 N., 43 W. -____----- % POS ia er PF [pele en 2,000 
Little Presque Isle river____-__- Marenisco_-___.._____- ee SEB aes RS > © ee Te eee 6,000 
acl pragk s0te 5). 73 ee atersmeet_____.___- ae PS ai tae one iy Uae 4,000 
Ontonagon river __-...-__.____. 1 ae By: COREE oe oe 6 ES phy (ps ae ED 4,000 
poo. one Sle aha a Bee apes Marenisco-._....----- J. M. Whitman -____- * : ceca ae 2,000 
PIS LG TIVOrs 2 ee eee Se de SS iiss eee eel ss SRE ee eT Ay RGAE RSs. Ye: 7,000 
Bram ECOO Kooy eli o Sis Sa. Ue yg ites Re SAD Henry B. Roney.----- ideal Ee ee EUR 6,000 
Pelton brook es TH fod han | 2° 000 
Powder Mill creek .____-_.--___| Bessemer_.__.._-.--..| Thos. Kissane_..-----| “* 7 ------- 4,000 
No name on fract. Secs. 8 and 9} Ironwood ___________-_ i Ch ci Coes CP pat (We Se" 4,000 
Wy OleM Cre@k i625 620222 ep AWAY ee eee aie TG Walkericc.. 2c. nek Rica ae 2,000 
Mei eromie eT Watersmeet_________- A. D. Johnston _____- oh Ty nate 4,000 
‘Ontonagon river... aig 29), eve des hee a Riecld yan DAS PW (tonne coe 4°000 
PRL yorete Bessamor oo ote ne Lakes WEEN Gia 2s oe en (por Hohn 14,000 
Montreas fiver 5,-2.2). Ironwood & Bessemer| ‘‘ yr a eis eae re eT sak ees 14,000 
Grand Traverse: 
Beltner greets = ine ods 2.11 9h dem acter) oe J. K. V. Agnew..._.-- February 27_- 6,000 
Sai oom Ser Orme eee ete hi ee ee Pa ere ly del lieae see i 27_. 20,000 
ed Se ee oe otal Seats ‘ 6 \ 
Keiser’ s croelzees ee ies ‘ HEISE SSRI SESE Erie Seo ; 8 nen eeenee 27 3,000 
Fairbank croelea oo eee Whitewater___.______ be Oe Sa ea ed ss Vat | 3,000 
Bast croelee 2: set st os. Paradisos see eee J. O. Crotser_._..--.- March 13____-. 6,000 
Mayfield crock: 2.) 2 nis wie A BON oh i Ie 90: 70 oa és LS 4) OS SER © SSE 1S ends 6,000 
Gratiot: 
Mmagme Oreok. 0. fe 4s wees Arcada, Seville and 
Sumner 2 aoe Birton I. Gee_____-___- corti ee 6,000 
Bollockicreek:..._—. ..22_ 228288 BuMnore: os see ts Ot, Paes oe ss 10h 3,000 
Hillsdale: 
Wheatland creek _____---..-_.- Wheatland _____-___- James B. Thorne --.- Pata Pee ee 3,000 
misrerereok 2.00) 2). eee Cambria and Wood- 
ride Gt es Ed. D. Babcock.--_--- February 13-.- 3,000 
Stream on Secs. 14 and 23______ amicatiie. ft. WecCeroune 2222522) + 3 3,000 
Stream on Secs. 11, 12, 36, 26, 22, 
Ho and 17 ee eae Repuing and Allen _. ees F. Niblack --_-- i ae ee 
WURZONCTAR Rees ea sso. eee CIDIO Ree Ss ee NOtrarcs soe oes. = a 35 
Townsend Spring brook ______. Moscow and Hanover| Eugene Strait______-- a 1332 3,000 
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Houghton: 
Otter creek and branches--_-_-_-_- Portage and Chassell! C. D. Sheldon__--__-_-_- May 25 -_____- 30, 000° 
Salmon Trout river __.___------ Portager te oa ss Xe Mee ees ay 15 sgt 14,000: 
Martimereokieocss sss. be Calumet a (Ars Misirbim 2st ee i 12 Sheer 3,000 
Hall sierenine ae eke so ae Houghton & Kewee- 
NAW. 2 hears ood als | Oakey oe {12 ee 6,000 
Bad Water creek___-__-.__----- Dancan. vera GoW. Shane 020s ee 8 12) aepeeres 3,000 
Shanoercroekeer-- eee PUES GUE Ree emegen oY Pai: i: fe COR . Se aes 6,000 
Blackman creek .._2._.i-...__- BS Faith's j DE eee if “ds = edi SE oe 2) 6,000 
Sidnawicreek 2022 ATENS 300 Ws eee Geo. H Houser-._-_-_-- $8) ica ee 6,000 
IBLeaAUnO Wives... ae) eee Laird 8 tape Leonard Gillispie___- sai) eit i 2 6,000 
Branch of west branch of Stur- : 
PFEONMIVER ole ee ee ee neh MRM Sr re 2G Mg ef aan] ay Sh 2 eee 9,000 
Huron: 5 
Willow Spring brook ___-_--_-_- ail CN OTON A asso cee Jee Madi ee March 172222 6,000: 
Ionia: 
Neeley sicreek=-ceatt) eam Otisco and Grattan__| G. O. Bignell .______-. February 15_- 10,000 
Stocking’s creek and Cannon’s 
Mill pondj 22) ee GS OPIECO Xe 1 ners eames H. J. Leonard ______- . 15S: 3,000« 
Mroyericreck@es te eee el een 
Silyericree@lk 22 ese Lyone 27 eens Fremont C. Hatha- 
McVeigh creek ..-._...__.__-- WAY ee caine ms 21_. 10,000. 
Westicreék s2. fin sas lees Jp ieee tetany) eM det 7. OU Albert Roof _____.___- e 21_. 3,000 
Brret-ereeks 2/802 0 eee paper acme oe? hye ss Re Pe ont oF Zine 3,000 
Stone Quarry creek___________- har eens Ne # ieee ee nee st 74 bes 3,000 
Knappicreck -it ke i oe ee aes Pepin Fu be sp. . iit ad Be ee MY 2152 3,000 
Strubleicreek — 9s. Lyons and No. Plains x Die ee eet Se ns PAL . 3,000 
Brown creeks . 25) A7o eas Lyons 2.042 be Bret ease 2122 3,000: 
Ronald ereek io: oe Ronaldci)) ees Hii Bailey 7e sco ae ay 21_. 6,000 
Iosco: 
Dl's CreOk 24s teedk ee Tawas and Baldwin.| C. W. Luce__________- March 10____- 6,000 
East branch of Au Gres river..} Plainfield, Grant and 
Shermaneeee Seager a eto, {il Obes 20,000: 
Gailoy crook 22 he Plainfield ees) *é ae te pen ate pment (ee 2S 10,000 
Smith’s:creék = Vai see Plainfield, Grant and 
Sherman Yeh. a ec “(29 10ieae 10,000" 
Indian eroeke: ) 71 bes ees Oscoda heer we 2 John Tadgahsong --- "e105 10,000 
Iron: 
West branch of Jumbo river_.| 46 N., 37 W.______-__-- Ga W:. Shane. 220s May 12: seo 6,000 
OUI DOW1Y Ob. pees cote su Sn 2 Oe Aen x Shi Saran eee a bagtites WARE ed 6,000° 
Isabella: 
Skunkicreekie 2! F245 Sees ot and mae toh eae W..Ry Sones a2 oieeeee February 15-.. 15,000 
nS oe ihtain mute cul RID MUL anes SU Peaiss Pari. Wesel J. K. V. Agnew -_..--. ve fue 10,000 
Pumphrey creekirc i: 2 lee. ey Lai alliss, aalkor a he Peo Sa a 15_- 5,000 
Hersey creek 22 e2 hes ee BG Poy) Nee ai a el eed ea E: Wi Allen) 2. aes cM Vise 6,000 
uoomisicreek | 3d.) Set eee Ta Spider Soleo i ae ie We YS oy erate mG pup 6,000: 
Willey:creekic 2. ee a CS grey Ue OO ENE peg os Ben Petia ae oan et Vis 6,000 
StonceyzproOlke sae Deerticldees-—)245—- Geo. A. Hicks_______- March 10____- 3,000 
Chippewa Cedar creek _______. aR a. espe en el Nps ea ty pene roaster 10a 6,000. 
Darrough creek___._.__..___--. DIAS os © ey <A el ee is Cr Renee re eee “10a 6,000 
Gamtroicreek):228 i 0 Deerhieldee ahs es Ye oA yee ee ee Weiler Nec 3,000 
Wheelan’screek_____._______--. NiO. arse se ey Geo, A. Chatterton _. ‘Sa Oaeees 6,000 
Jackson: 
Clelandistream: “eh. 2el a eee Hanoveree oe WiiWisDowstser e222. February 13-- 3,000 
Mackey brook_____.-____.____-- Riveswe ste bes Grove H. Wolcott __- . 12 3,000 
Tributary to Grand river______ iiberty) acces eee tae C. J. Van Schoick .-- re 13 3,000 
Wheatoniepring 222. Hanoverscet ee to Boehieathe ce M 130 2,000 
Kalamazoo: 
Eagle or Streator creek___.___. Charleston and Ross.| Henry D. Streator__. ee toe 5,000 
Hinton creek) 0. ROSS 2 so rs Bn ee . Dale Adams ______ We 1 eae 6,000 
Little Portage creek__________. Texas & Kalamazoo _| A. J. Stevens____.____ 10_. 3,000 
Doe ots) cal spattered ic PMROUE MD 5 Sal Nai Nr i eke Doe e He aoe Sec Ar LinWiakey et) ines es L038 3,000 
Asylum brooks. (27 (37.035. ee: Kalamazoo ______._-. Henry Ostrander _-__. ap 10_. 3,000 
Harrison’s creek______________- Schoolcraft ______---. WiC akohle= ene es March 3_____- 1,000: 
Wells creekro 2228). fol Goyal Wis nee ide ee ie SES Ae tae ales Un as ee ae 1,000 
Little Portage creek______-__-- Wakeshma 222-2 C. S. Hasbrouck ____- Pup eatal 6,000 
Terry cndéek. 2d) eee Prairie Ronde -_-___-__- JohniPerry.ce: see MO ara hae 6,000 
Klein: creckeaiei a irony ie Flowerfield ___._-___- Chas. W. D. Allen___- tee Tou aie 6,000: 
. Chamberlain creek _______.__-. Prairie Ronde ____-_- John: EB. Pabst ...2-_- tps fhe: 6,000 
Biyccreek: nites Wes Gi ss st CT Aey aR aE are Henry I. Allen ______- Uy oh a 6,000 
Stanley creek ies 2o eile ee Rortageces eae Joseph Conklin_____. ars fuser) 1,000: 
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Kalkaska: 
RapiG TLVOn we. 2s A ee Clearwater, Kalkaska 
and Excelsior_-____- Elmer E. Wealch ____| February 27-. 10,000 
South Boardman river__-__-_-__- Boardman -_______-_--- W. B. Stimson _____-_- Aprils eee 10,000 
Middle Boardman river -____-- ie) | Pe rity, ¥ eee Mi Bees: 10,000 
RADIO TiVer) oo ato Se ees Rapid River ________- a PUor fi eeaietioas Aad Used da 25,000 
Kent: : 
Itutehins Crock ace. 20 eee Algoma & Plainfield_| Robert Carlyle______-_ February 10_- 2,000 
elaeee iets Fe ie ra aS i Cannon & Plainfield Py Sg Maed Se, Sect $s 102 3,000 
THINOWETCGR i lee eee ATgOMal ote). Soe oe YE | heed. ST a 10e3 2,000 
Keweenaw : 
MGn TTAB ENT VOI. | eee es ae a ee Wie Dap Ei Lligt a eeeyae Se May "25: sea 26,000 
Silver'creek : 20:2 es Aviouex ee Ceres Ae Eh A a eT ag cee 12 sees 6,000 
Gratiouriver. 2-5 sees Wage coin) Vat sated ares Charles Schmick.___- Glin | [yas oe pee 1,000 
TOBACRO TLVCr= 2 coee ae eee. * Sherman eee Morgan Williams__- CES ig Vr ae 10,000 
Lake: 
Streams on Secs. 10, 11 and 12..| Centre ________--.__-- da Kel. PASNEW Q.5-c1 February 27_- 6, 000 
ogehicreckys #:- 0s sg See ce Shee ee ss a De fees Mh Pai oe 6,000 
Lronstoreck st! vue er oe. oe Eden aro IO eee wee ma iad eee ; rae PAN PAPA 
Little Danaher creek_________- Iplainsetse soe 2. oS ks By asicrad Set me PA pies 5,000 
Sauble river-ss eee ee Sheridan and Hik > 3s.) How, Marsh: _/._.u.. March 23.___- 15,000 
Little Manistee river _________- LOENG LOR Ware Ge O. M. Brown Eee $e 23 aa 15,006 
North: branches sec 19, 20 N., 12 Vie Serre? ih) rere seat get ck! ss Zones 6,000 
Little Manistee river _________- Ellsworth.___._...... W. B. Stimson _____.- /NMoyptleds 15,000 
N. br. of Pere Marquette river} Nirvana_____________- Mich. Fish Com.--___- SOONG ree 10,000 
Lapeer: 
bash y Greek eae oe oe Elba and Oregon.___- ise aWWViC KCTS ae aee February 18_: 9,000 
teree kee ates eo rele 2 Marathonesies. oes Juin ErOston oe... oe 18... 6,000 
North branch of Flint river..-| Rich . _-____-__-___--. cs 378 is Eee ie rs S25 10,000 
Smith’sicreeks--245. 22. S25... Deerfield____________- Ni a SCENES (aa, Sane sf 18__ 6,000 
iDetehicreek 9.284) 2. = Oregons Hiram Jones____..--- se 18_- 3,000 
Brocker creek {22.022 Hadleyameec. M. F. Hemingway --- oh 18_. 3,000 
Webster-creeki). oi!) | i Sue oe Fars “ Ee Le 18_. 6,000 
Hemingway creek ____________- AS yh ten, De ee ss ee Be ss ike} 2 3,000 
Farmer’s creek__.-2_4_.-__-.-- Motamota ele. | Reb. Conklin 2-- ee 18_- 10,000 
Branch of Hunter’s creek _-___- Wapeetee te rece tee CRAs Smith lies: + ‘hoje 3,000 
Gravelcreek.c 22 A ie, North Branch_____-_-- Jephtha Bradshaw __| April 6 ___.__- 9,000 
Leelanau: 
Mosseau’s creek__________.____-_ Moeolanat ses seeee ne Omena Hotel Assoc..| March 13____. 6,000 
Stream and pond on Secs. 4, 32, 

154 to cea banat © ee a ee Se, (he re ee N. E. De Golier____-- $6 13eee 6,000 
Crystal TIVOLI este Glen Arbor._________- DSH Da yao eee (Bi he 6,000 
Caaatrcresiues ae tate en” Solon es weer es N. W. feriingionses Ss ISAS: 6,000 
Simngory. creek -2 22). 2.8 2. 

Everett’s creek ___________. ‘ pe elliomiad,. ba Ce Se ss “ ae aS 13252 6,000 

Clearcreek sss sone 2 2k ioe 

Wiellsiereeieneer si 3) oe Kagsonssatt ee. N. W. Courson...__-- oy 13.2.2. 1,000 

Knoxcreeksences oe Empires) sae ee Beh Dailoyee ees ts UB ge oes 1,000 
Lenawee: 

Woodward creek....___________ Branklin es seose H. H. Holladay_____- hy 5 ee 3, 000 

BiVAnsicroe ke ee ee et Franklin & Tecumseh| M. J. Pierce______-_-- se ones 8,000 

Lawrence creek___.._.._______- Hudson ce tooo James B. Thorn_-___- o Be 3,000 
Luce: 

Stream on Secs. 26, 5, &, 17, 16 

BIO Zieh es ee eee eae | COLIMDUS=-8 sete ae Wile lakome. oem. May.11 22s 6,000 

Macomb: 

Mokay/s creeks 22) 25 See: IBTUCe te ee H. W. Bradley ._----- February 18.. 6,000 
Mackinac: 

Coleman creek __.__-..--------- Garnoeld 200-12. oee Wm. Hudson.-------- May i622 2,000 

COOl Creeks frau. 21 eee OEY: MRE ay ie A ms A Gee a hala S52 625 eee, * 2,000 

Stevens Creek =. 0) 23a Newton 6. e.4Lw HeA® Dawagt.2 52 "> SG eee 2,000 

Outiet of S. Manistique lake _- Eceear rand Mc} *, =e FE st SS ey ee E> et G. Seen 2,000 
Manistee: " 

Little Bear creek _____________- Springdale ._..._-__-- J. K, V. Agnew -_-_---- February 27_- 6,000 
mPine croolkut tier! 23.1 oe Stronachi. ae ee es oe ee hd Ss 27.. 10,000 

Wort crac lk wan ein a) ye el hy Brownie sen here ts i eis ss Aloe 4,000 
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Manistee—Continued : 


Jonger Creek ________-- BS 3 ele Maple Grove...___.-. J. K. V. Agnew______-. February 27_. 10,000 
aero ee creek._____ Sin Maple Gr’ve & Marilla| M.S. Howes__-__-____- March 13.__-- 10,000 
John P. Mason creek _-__--_--- Onekema .____.__---- Hans Hansen_-____--- (92 eee 6,000 
Secor’s creek 22 Sol kee oct Manistee isis. cea Thomas H. Peterson. 20 ae 3,000 
Clay Bank creek .___________--- Hast lake orate TAC UBrOWD. 2222 ee OES 0) sO 9,000 
Kill or Kinne creek ___________- Brownstown-.--..__--- Ci Stein): fen ie Aprilely cee 2,000 

Marquette: i 
Little Falls creek___.___.__---- Republic... ey Peter Pascoe__.. _--- May (12:23) 6,000 
SSCcGnG tiVOr eo ote Ely & Humboldt-____- Welaebedtorda ss iy) REY WV-pend |i 6.000 
North branch of west branch 
of Escanaba river_-___..------ Tilden & Palmer-_-__- Geo. A. Newett____-. 2) a eee 9,000 
Oook's creek jo) tah ea Tehpeming ou eae ve Pb bew eae MULE 3,000 
Switzer’s creek_____:-.--.----2- Richm’d & Negaunee| John Q. Adams -__-_-.- OS AZ semen 10,000 
Mason: 

Nickerson creek ___..._--.------ Summit [2 ee eee D. C. Wickham _-_-__-_. February 24_- 6,000 
Quinn crook U2 eS boas Summit & Riverton -|  ‘ soy Mas aha i 24__ 6,000 
ineoln creeks eae A oe TOONS, 0 Wie sone eae Geo. M. Brown----_-- March 23.___. 6,000 
Big Sable creek __-__-_-_-__-_-_- ZO Nia; AD Wee eee Wm. H. Baldwin, Jr. Meo ee 15,000 

Mecosta : 
Black:cree k Acer eae ee Millbrook _____-___--- J. K. V. Agnew------- February 15-_- 6,000 
Baimberibrook 2s ea Sheridan: laces ere is ge eR ‘ft 15... 5,000 
Randy, branch ess. 2.2 Martiny & Chippewa Je SO nee ae es 15s 12,000 
Hughes creek oo ee Nar tiny 22 yaw lien of art Reaper “ 15x 7,000 
Pointer creek 25.22 22255527 Wheatland & Norton rs pret, egies a does 4,000 
Little Chippewa river______._- Sheridan 2s oy al) a ra Se ss 15 2. 8,000 
Randy branche [22 sehen ae Chippewa gl genre Lae James A. Roof_-_.___- ee 15 3,000 
Streamjon Secs. 20sand 17220220) Oar eal) |) eee ee epee Wea ns a 15_- 2,000 
Cedar creek’ 24.2) Ae baer Granth ue vee ee fy Shas cee f 15_- 6,000 
Gill Greek hoor is Oe ea Deerfield Of ies aes Fred C. Boyd._____--- March 2.___- 6,000 
Guaigley greek 2 ees Se Aiea ye en eke « MW ce vous Oe a ee 10,000 
Stony creak jel apa wae | SrtA pi) 1d Sev NA Rely a an eee ae “2 oe 6,000 
Mack’s creek fous e020 0) eee re eet re Wm. B. Stimson -_-_-- April 9__ ee 7,000 
Little Muskegon river ________- Deerfield ears us Dicey NoMa $8) O mua aaa 15,000 
Borland. creek: 2. hosp oes a FGA eee ae "i Meson pee ee: SS 10,000 
Paris: creek |.) eo ue eet Green: dre eter ie: LeSuSniger =e luce 6 Ou ae 15,000 
Midland: 
Pino wiverie cee eo eye eee mn Homer, Porter and 
others) 424 2 oe co Wm, Booth. -2.22cu25 ‘Sa. Skee 25 , 000 
Missaukee: 
Wlane creek €!_2 22h ch pa Dacas ioe sere oe Ds Biekelley ia. sieeews March 12____- 20,000 
Montmorency : 
Brn creck? (i Swe eee Montmorency-_-__-_.-- James Hubert ---__-- meme i eb: 15,000 
Montcalm: 
®orbor real): 4.00 Gee ae te ene ie ee eae Birton I. Gee_______-- ¥6 tO Seine 6,000 
Town Line Lake creek.______-_ Belvidere: 212202. J. K. V. Agnew..----- February 15_- 8,000 
Tamarack creek..___-_____._-__- Winfield and Cato-..- E Cale ae ie 15__ 20,000 
IBrandicreekws) 2200) cowl aware Winflields se Frank J. Rossman-__- ne 15s 3,000 
aparernekur se Yao ae ies Honie cee ew Dye s% W. Ri Jones oi... 222. iy 15: 10,000 
Two east br. of Cedar creek _..| Day _______-___._____- Jacob McCrea _____-_- yi 15_. 10,000 
Sprine:creeki. ee eee Day and Ferris _____- Si rostee eine rer oy ee 1520 5,000 

Eutrecan creek._.-.___. __----.- Dongiass eisai a. C. ao Eliott 2. oy Le 6,000 
Alderroreok 40M seus de ee ee Sidnoyerse sete ef ele ee He 15s 6,000 
Big Springicreek is. 24 Pine tre Gh as inns singe Fred Spooner_______- $s 15: 3,000 
Curtisi¢reckee ue me nic ay riG irik meee sleek cat seer iy Fre asta ine 3 ibe 6 10,000 
West branch of Flat river_-__-- CM ait aga iy du RN - 15_ 6,000 

oF 3 ey Mie pee ‘¢ & Montcalm____| S. J. Youngman______ “ 15... 10,000 
Irving creeks se Boe Win PIT oR OE Sra TEN iy Re a Pu se ibys 16,000 
Wiley creek. scl) hela ‘* Cato& Douglass} ‘ Aetna Wet 2 4 15_. 10,000 

Riches creeks) foi ans se Fae cae & Belvidere ___.| ‘‘ Speman eres" “y 15__| 8,000 
Stream on Secs. 21, 23 and 27_._| Pine... ______.__._-. m fete Beil" oh 15_. 3,000 
Bushley creek sso es Gato & Winfield ____- ss senate vere 5 # 1c 8,000 
Clifford ieree ke wie ha} Gacy Montcalm 2.322225 Tb helps. os. 2s " 15... 3,000 
Wilcox creek) ei a Huroka gees is ere ke x daa 3,000 
Spring brook“ SsGee i yaaa) SO Mw Ate Nae apeienie is Shar tia are if ies 3,000 
Salt Spring brook____________.. sult abel ONLI hae ge Loe vanes SAO iy toa Spe * 15.. 3,000 
Horse Shoe creek _________.___- Montcalm__-__.._.__.- ss he era Uap ecg tae 15.- 3,000 
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Muskegon: 
Btalil creels.2% ok ds eS Wraitportas. 2.2.2 Edwin C. Torrans___.| Feb. 24._____- 3,000 
Wirtcent creek)... io. 4 US 2c Se ti Hy _ A! Vaoed tlie end 2 ae abe 6,000 
“pain sree anebnmnenacara as : Havenua.. 22002. Miles W. Bradford__.| ‘* 24._____- 6,000 
Gordon creek. _._._._..._...---- Muskegon & Fruitp’t} G. S. Gordon______--. UF aly? Sa ee 3,000 
udiman creek______________--- ts Se a James Pett____.____-_- ee ty? PRES 3,000 
Big Black creek____..__--__-_--- Moreland & Eggleston| EK, D. Magoon__-__-_-_-_- as et Se 6,000 
Power’s creek ____________.----- Norton & Fruitport-- s CAVE EP eet ST eraodievet 4" 3,000 
Little Black creek __________--- Norton & Muskegon. SS Se Pad ¥ Se. Se, Dae ihie ty 3,0 0- 
Bigs Bear creck) oe ee $s ‘s ae E ns Ly (a ee, tl | od Se a eee 6,000 
milverMncreek 0 eee ese 
Thomson’s creek ___-.---.---- Wihttehalleies oo see E. M. Ruggles__-.._-- is SY il Se 5,000 
Flower creek______-_---------- 
Cleveland creek_____________-__- Blue Lake, 22.7. John Haverkate--___- ee ar? Mea aya 10,000 
Crockery creek and tributaries} Casnovia -_____..____- Elliot T. Slocum. ___- Maris 5,000 
Newaygo: 
Jim Wright creek_______-___--- Dariverse ee ones James Stannard____- Heba cole a= 3,000 
Harrington or Heald creek___- (oneute Syke wie bees 3 Andrew Gerber.._-_--- U7 es 20 See er ae 3,000 
@dollicreci:.. ot re sk Sherman & Dayton _-| Frank E. Cole_______- 5A ZO eo se 3,000 
William’s creeki#: 8 2... --.- Sheridan & Garfield - ue EERE Ae 94 ee yA pects ean 3,000 
Cushman creeks.2ose 0 see. Dayton & Greenwood] J. A. Gerber________-- SS 20 eet 6,000 
iIBrook’s) creek eens cee Sheridan & Bridgeton} W. D. Sargeant _____- Ah Ort ees elke 10,000 
Bigelow creek___.__..._--.----- Broolkseins tees Edwin O. Shaw __-_-__- Mare 172 oiu ie 6,000 
fe bh) AR els ee Sone ee Vi gh (alle ee eet oe Renee S. D. Thompson-_____- Ven a tie eed 15,000 
William’screekeee! 5202 22S. Garfield & Sheridan _| J. K. V. Agnew-._____- Sit AG tebe 8,000 
IPenoyer creck se ages eter es ‘ oe ss if ‘ AO Sigel Mee CU real of fear arate 5,000 
Mehrten’s creek _...._-__...--. WillCo xe ena eee ig iba ee dan Seley Pas eee 9,000 
Head of Rouge river____-____-_- Croton asi ee ees George King..____-_-- ai eal ly (Pa aah Oe 3,000 
Wibitori verse ess: tie eos. Witlcox ees at ss M. D. Hayward_-_-__-_- Ces it Wy eae BY 3 15,000 
Lower Cold creek.__..--._.----- Mincolns: eee oe ss Se ee ar ier) IY ase aha 6,000 
HIVE MIG Creekeusns se ee > WV COxiner ob ies eS 6 ls RNAS Sanam oad Tete eee 6,000 
Minton creeks. te caper 16 908 Gy oh re, ees uit Vis by Deen Be 9,000 
Minnie Greeks. ee 2) | Mincolnes seeks ee ue ee a ace sorta Las ee 6,000 
Stream on Secs. 3, 10, 15 and 16} Wilcox ____._________- GE Lil Rs aie angen Wy ee a 6,000 
Uprer Cold creeks.;2-.._-2-: incolneen ee fee <s Sey SEAM HS Y fags dea 6,000 
S. br. of Pere Marquette river_| Lilly_..___...____.__-- Michigan Fish Com..| April 13 _____- 25,000 
IPOS CroO lc meee nerd emer ee fe yee he ped Til ss s Shale A AIG pn og EN 10,000 
Ginse ake Greely sent eet oe Fs oe Se ss a eo NG a | 5,000 
aeRO Cr CC lc ements mean | med Yon faut tes os ne ays ed bs ee bee 5,000 
Oakland: - 
Branch of Rouge river.____-__-- Bloomfield __/___-__-- S. Alexander._______- Keb; 2 6,000 
Kearsley creek _._..._.._..___-. Groveland.._______.._- Linde Winder? 2 ene 2 eyeeal Popa de 10,000 
Oceana: 
Gpoameroak ates ro see Crystal, Weare and 
Pentwater 2.) -. 2... D. C. Wickham -_----. alloy)? shaker dis | 10,000 
Mamley crop: 2.0)... ._-. 2s. Weareates irks ‘6 Wad yh bee ire) Cea ee 3,000 
hones tld Ts SUT RODS ESI i) eo ace eee eed ere CB; Batayord 4c bitaiy ee Tar 3,000 
ry GERCLOn cee eee: ce mretal |r re Neo te] ee ee me Lt tly gee Aad SOA aioli iy 3,000 
Gennomx creek. 8 Le Fibridges 32.2. E. D, Richmond__--_-_- py ete im es 3,000 
lennox craok sew ee Golden Sate es A Fae 2 Soe ee” eye hae aD 3,000 
Spit Mae ths elie ae, OR Shelby and Benona.-.| J. K. Flood_________- OM py. Pe legs 6,000 
North branch of White river __| Ferry and Leavitt__- “ A Abo ee Sod tear Ue 10,000 
S. branch of Pentwater river..| Pentwater and others e if = aS ee Sly wee ee 10,000 
RUSsellicreckeae et 1B IG ig ge mts On, «Be a se iy’ fat ees Peete. bine ¥ 7 Pen eEe 3,000 
N. branch of Pentwater river..| Weare and Crystal--- vb A Nege! ieee INES yt PDE Ee Gh 15,000: 
Shigleyicreek 2. ys. ee ee: Martins ie ets $6 OS peda wa ee a7? ees 3,000: 
Headwaters of north branch of 
White Tryents. 2 eee Nawtleldic. -taeemaee. Wm. Hayward_.-____- SR 20e. ee 6,000: 
Ogemaw: , 
Stream on Sec. 12.-..._-_.-__._. Hdwards ee G. A. Hauptman._-_-_. Mar, Glee 3,000» 
(oh a adel pete a aes ; Edwards & Ogemaw. oe slag mee Lee oan Ghote 15,000 
WWeRterEOreGk. oes) Set eee ROW AL. sooo John ReMceDonalds 2h) so 61025-2222 10,000: 
IbiHe Thvare se 223. ee ae Ovomaw ies.) Ra bislasrtommedien. | a) cle eeeee 15,000 
Tittabawassee river___._______- he Dae Bes ‘s a Piaw looser 20,000 
Osceola: 
Sweet sicreek®. ....2.2.1....-2-2 Richmond ...___.-_---| Edwin Wood_--_-.---- Hebse Lipase 5,000: 
UsAaAcKOn Creek.) ef 2 Richmond & Lincoln} J. W. Densmore-__-_-_- Mar. 23..__-_- 6,000 
1s Og AC) a Richmond Loy 2s “ Ym eA ae See 15,000) 
Jobnson’s creek MRA UIEN% lake 1A 40 Se ae ody Se pee 66 Ft a tee =e 23 eee Se Eee 6,000: 
rmyoers crealesss os ono. os) e7 2 Lincoln ee ee: W. B. Stimson -.-_---- April 44-2547 6,000 
own Linecreek.. ___.______-- ESA 20 eink LM TUS OA a At ls MY Ailes SiS pk aro eae 4 
? 


East tributary of Pine river.._.| Sherman ____.___.---- Charles Larson__----- Mar. 5.....- an 


- 
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Osceola— Continued: 


Hunell creek __-___--_-_--_-2---- Harmon sive eaten Ezekiel Marsh ______- March 10_____ 10,000 
Armstrong creek.___._____----- Mentor _____________..| Peter Cauchy _______. see a | Jays 6,000 
Pine nivere coset eee Burdell pee eee W. B. Stimson _.--_--- Aprile 4 eos 15,000 
Otsego: 
(Chapin sicreelins os ee ee Corwith ia] bie Se MRgS ly pee tare roe March 6-____. 15,000 
Pigeon river and branches ____| Dover ._____.__-_-_--- AFAR Crane). 822) ace eo a Ooeeee 15 ,000 
Lake; on Secs. 22, 27 and 28 . Se Ue EN LIME a ca 2 John Goslow .__------ os oye, oka 3,000 
Mossback creek______-_-.-_-- 
Brown creed ____._---.___---- Dover & Livingston..| John D. Foster _____- ee Gre 10,000 
Iheslie’screek 222 8.2.5 wees 
East branch of Sturgeon river | Corwith --__-._--.___- James W. Turner__-- ot Cues 6,000 
West branch of Sturgeon river| Elmira _________- .... | R. H. L’Hommedieu- ss eee 15,000 
Headwaters of Sturgeon river.| Livingston __________- e a 2 Oe eee 15,000 
Boyne riven 2200s see eee See ili ra eerie eres W.B. Stimson 2.22. April 4uiae 12,000 
Ottawa: 
Waverly brooke. a eee Hollander eke, A. G. Baumgartel___.| February 5_- 3,000 
Bertsch’s creeki: 323. es SS ie page Wek Mer gente ines we ot eben we Bile 3,000 
Stream on Secs. 18, 16 and 21___| Talmadge .__________.| Geo. H. Root________- ote Sak ae 3,000 
Crockery creck) eee @hester’.) 3) =a) Robert Ganves March 17____. 6,000 
Rose: :mmon:; 
Sugarcreek... os Ge paeeee Nester eee R. H. L’>Hommedieu. CO Oieaeeee 15,000 
Schoolcraft: 
Spring creek:. 2 ei Gernmiask 222 oes Edward Menere_____- May: tl. ce 3,000 
Mead creek 2250) = eee ror WAg A aeoieh Dee wend s re Peaeugueee i ee 6,000 
Bear credkasew Fe nas ye Lays Sak ra coca ib), Recent nel Oh Oe ae 6,000 
St. Joseph: 
HOWStOn/ s nun oss es eo hee eee Fawn River_..-.-._- Alex. Houston ____-__- March 2_____- 3,000 
Stream on Secs. 5, 8 and 17.___- <* O° (ran Ree aie Freeman L. Miller___| ° ‘*  3_____- 3,000 
Spring eUNs ee a ee Flowerfield__________-_ P. Ciebtirseles es anone Uo eee 3,000 
ROC ey TV Orsi ie Sh ae see read a lagt & Lock- 
ONE A, CE ROU Sai Ri pet Oia es eieiie be eae eee H. Whipple---___- February 6:- 10,000 
Portage TIVers 2 ee eee ee Pare Ra ockportyls i te es pee = 10,000 
Pebble: brooke!23 eh Nottawa-. 2.2 oe | LAY Clapp ecsenens . (GEE 3,000 
Tuscola: 
Dea@ creak 25452 tae eee Arbela..cfc- bee H. D. Hinkley________ ye 18 __ 6,000 
Gooden: creek... _ 2.22 f20 222 Via sare soi mee es M, Brainard________.. aS 18_- 10,000 
Van Buren: 
Camopbell’s creek.___.._______-. Alme nae meats errs Charles Veley_-______- eu 1s 3,000 
Hale’s spring brook_____._____. FA) ACER oy Eee sé hota eet iat ibe Lies 3,000 
Carter S(Cree kee le eas hewn Pine Grove_.Ji22 ANB Stuck) rere os 1OZe 6,000 
BTUSHCTOOK)=4 5. eo eee Lawrence ___________- George McFern _____- oe SS 10,000 
East branch of Paw Paw river. - Antwerp EA ti: Beh cal) Je We Brie ace eis Nc ais 10,000 
Willow (creeks 25 203.46 0 Uae BUR nae ees pao Beatie bliin ara By Wi bayneve22ee: ies ib ips 5,000 
Hayden creek 220 he a as Almena= =. eee George Langdon.___- sy sbi: 6,000 
Ibrushcoreeks ee es ern Haniilton ee eee Frank Stapleton.___- eS ih Bo 6,000 
Anderson creek________________- Decatursi eh leans up Seo Bh aaa uN Ate 3,000 
Butternut creek___._._________. Geneva oe fun W.. Oo Cook & Son Sa af 11: 6,000 
Deer Lick creek ____.______--__- South Haven________- Bt a 1 3,000 
ronan vet ec ei ce Le Pos ae eg Paw Paw. Ow! C. En Cleves ae et of Mes 3,000 
Ackley, brook 2h shor Ws Antwerp2 eee wer Lineoie Hus +s nf 3,000 
Tributary to north branch of 
Paw: Paw riveroi oof 30 eo Paw Paw e.s0) oo: William M. Thayer-- cy Aiea 6,000 
Washtenaw: 
Fleming’s creek___.....__-.-.-- Ann Arbor. Bay Pivaceie eee Fred R. Rice -_-_____- i? 6__ 6,000 
TPOWNSCNG CLEC seo ce rt NSE Tas Sle nek We ee ocean Emery Townsend ___- Gas 6,000 
Fleming creek ___.___.__._.__._...| Superior and Saline .| Geo. W. Walterhouse se Be 3,000 
ett) screeiwale wees ne shee Sylvan ee ees Ce. Letts 22222. 6_- 6,000 
Wexford: ‘ 
Fletcher creek.___.._...-.---__- PM al Kaye) aves NS Casteinjee oe ee April 17_____. 3,000 
Newton’s creek.___________----- Hanover’: 62 e283 eats shi RS ee As SE omen ci, tar Wi farce 3,000 
Churchill creek ___.__-.__-_--_- Suoneyule a Su PLEIN Mee SS Taser ee aan e NH eee Vigan tea Uy pigabahan 3,000 
Slagel creeks. 2 eee Boon a a iy SOE LP ee each nT: pie! hi Wiese a 10,000 
Gedar creek.2212 Voie aes Goan Greek tes W. B. Stimson ______- Aelia s 12,000 
Tota) cos. i aE ee SISSY Tere ere es RO re eee ae 3,367,000 
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County and name of waters. 


Chippewa: 
Sault Ste. Marie river _-_______- 


Clare: 
Bearlbiakes. yo ee see 


Grand Traverse: 
Boardman river.-_ 22) > == 


Tonia: 
Kelsey's creek and pond __-_-_-_-- 


Kalamazoo: 
Campbell creek ____-_-.__---_-- 


Gunniereek™ 22-2. eee 
Wihitiord lakeu 2 eae a 2. 


Lake: 
i wintlakes 22 ee eoee ee ae ee 
Stay lake. 22505 = seer ee 


Braylakes oer oe. ter. 
Crandall lake =e sees. si 
WWOLE lales5 gee foe So oe 


Macomb: 


Silver creek and A tied Bruce & Washington.| H.W. Bradley 


Thornton lake and tributaries 


Marquette: 
WEAGITIVON Eo eee one 


Montcalm: 
Hattelakoses: ee ee ot 


Muskegon: 
Carleton creek. 2.2222) 2.52: 


Newaygo: 
South branch of Pere Mar- 
quette river __.______.._-.-_-- 


Oceana: 
GLIA Sala kom ee Se ay 


Ogemaw: 
evoe lake ses geiGs of) oy 


Ontonagon: 
Hire Steel river... -...-...22.- 


Mecosta: 


Brown Trout Plants, 1895. 


95 


Number. 


Township. Depositor, Date. 
Sault Ste. Marie .___- Michigan Fish Com- 
mission fe Aprilcomtee 
TONE ROA. cohol eee Geo. M. Brown_--_--_-- See Lore 
S@veralers: se) ie Le Lelivdellass. Cog Aly see re 
LOMA ween ies Dr He P. Kelsey t..-222.- March 12_____ 
pond and Com- | 
stock eet ee Pn 
Charleston 63 Teas i H. Dale Adams _____- pet a ps 
Webber. 22-4 oo Geos Me-Brownsee |e ee 
1G ies Se Ve a ee ue cS eee): (Aaya eee oy 
Wates and others: |) WiC cRowley 2 o2.-s 2222-2 cee else 
Pleasant Plain Rae ist, T. E. Borden Te ae EAS re a Da 
enters hee Wins Hy Baldwin, Jr._|0.5.2_..0c.-.222 
5, cage ell March sees. 
Marquette. _..... J. M. Longyear __-_-_-. May 22. 222-22_ 
HUTO KA] sees oc Ti Pnelpsss es ss5- February 20.- 
Whitehallogi ss). _ John H, Chapman.-_-| March 14.___- 
SOVGrs | Meee Awaba Atwaterse suse: st Leones 
Woliax ae ss Ae E. D. Richmond ____. a 
Cummingsiy 222. --- ASP ROS6 Sa ee April Zee ee 
Greenland .-_......._ Willis F. Sawyer-____- ay pio h cl wea 
CGOMAXu) ae Geo. A. Roof _._-.._..| February 19-- 


Clear lake__..___- A). Vereen 
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Brown Trout Plants, 1896. 


County and name of waters. Township. Depositor. Date. Number. 
Berrien: ‘ 
SS eds ees cg cup igh ale ; Benton and Sodus ___| E. E. Plimpton ____-- April) 2232 3,000" 
Pipestone creek_________..-__-- Pipestone and Sodus. se S6y Pan tal ee etme Se 20 Seana 10,000: 
Gratiot: 
Adams creek 22 oe es Arcada & Pine River.| Birton I. Gee -______- March 10____- 6,000: 
Beaver creek F260 eae Beyillor sc. sho eee a BSc a se se 6 LO eee 6,000 
Hillsdale: ; 
Spring brook 322 eee eee Woodbridge ________. W. Whitney____-____- February 13__ 3,000: 
Huron: 
Cassriverios. ok Sse eee .| Sheridan____________- John B. Madill ___-__- March 17____- 10,000: 
Pigeon. creek s:225 ee Nese geet ee Wea IEE a ss a | cet ate ee PAE ei Kaye 6,000: 
Ionia: ‘ 
Kelsey creek __-.- 222 22 Pontes {ie o-) Pee Hea Bavleyoeme sn February 21_- 3,000 
Choater Spring brook________-_- Lberey, 222. Bees Ri Ci Garyice see os ee 3,000: 
Kalamazoo: 
ear Creek?) Se eee ee Wakeshma-_________- Wm. Fulton ________- March 3___.-- 6,000: 
Portage .creek*)222 he ee Charleston & Climax} Barzilla Snow __.___- £602 Geeneas 10,000: 
Capt. Child’s creek ___________- Climax and Pavilion.} H. Dale Adams ______ February 13_- 10,000: 
Kent: 
Marrcreek i oe ee Spencer and Oakfield| Freeman Addis ______ s 10_. 3,000: 
Butternut creek_2.2 2030-222: ONCOL 2. eee a $9 Caer earn A 10_- 5,000 
Stream on Sec, 17 ______-_____ dHuGascadon ee ware Lewis M. Lester____- cS 10__ 3,000: 
Seder creeks). See ees Al eoma ee CoC. Darling 222222: March 17-_____ 6,000 
‘Blueila kei 20e: ct See See Na) Oakticld 23 322 TP. WPhelps stip eaten February 15.- 6,000: 
Rush’ creek.22 Vee eee: Wrontineg 222 Vernon Hooper _____- tf 1 see 6,000 
Lake and Mason: 
Sauble rivers22 se sc ue ees Sheridan and Elk____| H. W. Marsh________- March 23___.- 10,000: 
Lenawee: : 
Wolt:creels nt tots. see ee eee Cambridge & Adrian.| Marion A. Ladd ____- OF Leone 10,000: 
Macomb: 
PV Ha ae ioe emia qm : Bruce & Washington.| H. W. Bradley ____--- February 18.. 6,000: 
Bot) sicreeki2ee0vsles aa oer Bruce see eee esa: se AN ate ey es 1822 6,000 
Muskegon: 
Bic Black creek ?22 =o eee Moorland and Mus- 
: KegOnwe Ae Pegg Ernest Eimer ______-- es 24... 10,000 
Oakland: 
Paint creek and tributaries ___| Avon, Oakland and 
Orion se sa ae Simon Grube.__-_---_-- April 6). 2a 15,000 
Osceola: 
Ashton icreek 6-222 a ae Lincoln and Leroy __| J. W. Densmore ____- March 23_____ 10,000 
Rose lake outlet _-/...--- 2.2. Shermans 22 320 22 5 K. R. Fernstrom____- eReReB Sea: & Of: ,000: 
Ottawa: 
Rushicredksian is feo teen Blendonieis oe Win Halle ee February 24_- 3,000: 
St. Joseph: 
Little Portage creek____.______ Mendon ee C. L. Hasbrouck-___. March 3____-- 10,000: 
Mill creeks ce ee is as eee Constantine -______._- Arthur N. Culp _____- February 6_-_- 10,000’ 
Schoolicreckss2s42 2 oe ae Flowerfield _________- H. H. Whipple_-_____- se Give 9,000 
Hor creek mii nl in On mare Wockportie. cee ss Fe he aga el Beh ee 10,000: 
Tota 2 eee re ON TO EN SUG ay actege SO O che P SER o DSE 1C 1e ee 220,000: 


; Mo , ries 
eee eS ee 
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Rainbow Trout Plants, 1895. 


County and name of waters. Township. Depositor. Date. Number. 
Crawford: . 
Big creek. 0. ne ee ee CAD EAD ON" ta Ee EG R. H. L’Hommedieu_| June 16______- 15,000 
Houghton: 
Pilgrim river 2.025 ca ee Portage and Adams._| C. D. Sheldon_______- Bay, 26°22. = 5 12,000 
Lake: 
Baldwin creek_____..-__-_-.---- Webber. 22- oc eat. Michigan Fish Com- 
mission, eo June 10______- 5,000 
Tributary to Little Manistee__| Centre ______________. J. K. V. Agnew -.---. iPad Pkt ee 3 5,000 
Mecosta: 
Choney:creekacs 2 Greene __..-_..-=-_-- Michigan Fish Com- 
Mission) 4s lee ULy, UES ae 3,000 
Newaygo: 
South branch of Pere Mar- 
anette rivers. - 332 ee Severale esos. Michigan Fish Com- 
MISsiON wets ee os JUNC ieee 15,000 
Ontonagon: 
Town Line creek -____-_______-- Ontonagon______--_-- W. F. Sawyer __-_-__-_- May 2220.23 8,000 
Osceola: 
East and west branches of 
Pere Marquette river _______- Severale ae Michigan Fish Com- 
MISSION eee eee SUNG see eset 5,000 
AMO eevee See Ee tea gS re ia TS Se en ge ) Cod ce 68,000 


Rainbow Trout Plants, 1896. 


County and name of waters. Township. Depositor. Date. Number. 


Crawford: 


CLOG Kiaee eet: Susser wl ZENG SLE Wies eee eee te R. H. L’Hommedieu.| June 3_______- 15,000 
Lake: ; 
Middle branch of Pere Mar- 
GQuUStve TiVOleL eo 2 eee INirVandg ease aes. Michigan Fish Com- 
WUISSLON 2. eee hee BS: Hi ye See ee 5,000 
Macomb and Lapeer: 
North branch of Clinton river.}| Bruce and Almont..__| H. W. Bradley_-_____- Shy Ts ju ean od 10,000 
Manistee: 
Batbleiriverse. = ne Sheridan and Elk____| H. W. Marsh_______-_- Mayo2buee coe 15,000 
Mecosta: 3 
Stream on Secs. 20 and 21_____- Deerfield.______-____- Fred C. Boyd _-_-..--- JUNeS.cc 5. 5,000 
OGG i ae ere RES, ch omar Omen.) Oey Acton Sih g SORE OO ee 50,000 


& 
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Wall-eyed Pike Plants, 1896. 
County. Name of waters. Depositor. Date. - Number. 
( Gilkietlake 203225 eee eee Addison Pennock_-_..-----. May d5-22=c5 120,000 
Stewart lake ____._____--_..-_-- iM. Bugbeew. cles sec Ue re 120,000 
Barry 28 054 Mud lake: 200 Bee Dugall Campbell _______--- 1 a eee 120,000 
Waalllake so 3) 2 aes tien Web vayos 2953: bea £0 (5 oe 120,000 
Clearlake eae ease ee Frank Mattison ____- .----- bee tieerd! Wi pte ee 120,000 
Berrien___.-_------ Clear lake So. ey soe ee Charles Fuller -_____.------ aaa Wee = 120,000 
Turtle lake 22s AU Sete ae CoASZimmermanss 252-3 Seeetiagiel eG?” bs 160,000 
Calhoun. __-..---- Lake Goguac sts Cos eee: By W. Demithe soe es shelton Perabo) 120,000 
Montcalm lake______________-- James K. O’Hara_______--- bere (a Khu 120,000 
(| Sky-hawk lake _._......-.---- G..SsJones esto beet 6 4d ee ~ 120,000 
i \Aavekslakezeye users seers ff shuemanqes Wir eet tes 2) sig ral Ul: esse 120,000 
[} WishGlakke 26) ue eaten W. 1 Ammold agente ie: pei r ee) 7 120,000 
Hemilockolakerss) seas ssn eee HS. Macks 2 eee S “6 ee 120,000 
; } Otter lake. sar sdisline bs W. B: Youre he) be “7a 120;000 
BOS mano aean Carver’s lake__.__.._---_------- John A. Parsons ..____----- te Sheen 120,000 
|) ueetla ben. #2 he ee cers bod Theo, H. Zintgratts 5-2-2 OO NG ae 120,000 
| Spring lake:09 Bio ee eee Edgar Wetherbee_.______-- $6, MUS Seen 160,000 
Lilladake ce .o<: thee ee. bes Albert Bogert.) 22h ean dome Ks 160,000 © 
Ul Diamondilake snes sees BiG Rudd Sse= ee may bys ; 
ong lakes ek eee ee W. L. Freemire______.-_--- een a eo 120,000 
Baton ----.------ i Sebewa lakes Nuss vei ch SEO eae eee once iC 1) 120,000 
; Bear lake:2 cca a ae Wim.) Kempe 22 Os 4 eee 120,000 
Hillsdale... _._-. ; Baw Beese lake __.__-.___-___. “ SMM ol HY i 1 ee 120,000 
(| Liberty, pondeseeaee ee Reid: Co Cary 2e222 eee seta Y: Sul 120,000 
Clarke'isilakes 2328 eae John L. De Lamater _____- bhai (epee ss > 80,000 
Jackson -___--__-- Fox lake::co tot tees Canton Wells: W: Dew 4.222 Stes i" 1422. e ae 120,000 
Round lakes tie ee Chas. J. Van Schoick. __-__- o6 2 Ld ee 120,000 
UitGillett?s 1a ke sae ene Vernon Sullivan ._____-___- 1 ee 120,000 
Kalamazoo ..___-_-- Sugar Loaf lake 2222 eee Wi. Kobe raat So Lees 120,000 
(Reed's lake. ee eee Consolidated Railway Co..| ‘ 12.___.- 160,000 
Chain daker 222 22-eenee CaG Darling eats s Siero CO al eee 160,000 
Lore Jakeen oe eee o Vier, Ser eae Cap m reper, ph pelered Wargo Oe 160,000 
Pickerellake--222-. 2 ee S Cha pis ee ls ape te ey Ita! | 160,000 
Hen bs a ee 4.1 Round Wlakeo ces one es SRR) ee ah seb ee et eens Ish eR pe 160,000 
Campilake es oo Ses ee lee f pr naira atten Bd pS AIS He popad 160,000 
Skeliytakes] oe Se eee a5 eet Neate EY onl] or eee SUE Hie oe eee 80,000 
Chapin laketestet tose W. P. Hetherington _____- prea We-Peaiagan > *0,000 
WU Emmons lakeies sae ae eee HRM cHIroye ruin ewes: pl efi fat a 80,000 
(| Otter lakesaeesee er ees 
|| Powderhorn lake.___-______- Je Ga Masonze eed: bia BSS 2 areas 200,000 
Wapeer !io2 22 4 | Parke lake: 20. eee erase 
||) Dipper la Kemet se siae eee Will J Anil eee ee eke as O89 tle aie eee 200, 000 
| Bronsondlakes ese eee TMi Hishor iste eee mn Se 1 ee ee 200,000 
Devil's lake < 232s eee eee 7.5K landers-eseece a) ease Of oe Gan 600, 000 
Lenawee --...--. i Band lake ici ueeeoe come Geo saa Keu ie a bate. to 16 cae 200,000 
chs Pickerel dake 22 22s eee J. Jd. Van loweneses eo: 10" he Seen 160,000 
Livingston.___-. ; Island lake:252.3 572 ei Effie Josselyn____.____--_-- baiaiagl 0 epee 1 160,000 
Montcalm...__.. isutererecs eo oe bs, Phobpeiaeene te. 2 “  41.___| 240,000 
Pine lake eo Sisco ae snc tan Morgan A. Rundell_-______- Bh [Yas ie 400,000 
Oakland.____.__. Island Jake li ee G,S. Shatter: vcs) re eG ores 400,000 
MeCain/lakol ere Morgan Gulick..-___ _.___- $C ees 200,000: 
Calkinglakes- 3283 ae O. H. Carpenter.._______--- 1S SG eee 240,000 
Otsego --..-.__. ; Cranberry lake__________._._-- Jno. D. Foster ____._______- cade 6 | lueoes facta 240,000 


; i ern 
ee a ee a Le ete a eR 
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Wall-eyed Pike Plants, 1896.—CoNcLUDED. 


County. Name of waters. Depositor. Date. Number. 
Ayers lake sees... ee. He Avyersecce 5 ee eee Mayolsee..-- 160,000 

St. Joseph -.._.. ; Hisher-lakest te ee” Peso rancis! by Carre. sscee see ea 5 oe 160,000 
Van Buren _-.._--- Sharman igke@res.) 2.4. .35.. Michael Gales -.__________- i Bh ees 240,000 
Washtenaw _-_-___- SouthWakeee see eee Ar) Guarini cess nese coe UI 120,000 
Wiaynoeer seo Detroiy riveree ste eee Michigan Fish Commission] ‘ 16.______ 4,800,000 
LOE A yep ney ts pelea bps 9 yy a RIS tale Nn pe cp a See a a Se ee se 13,720,000 


Black Spotted Trout Plants, 1895. 


County and name of waters. Township. Depositor. Date. Number. 
Newaygo: 
South branch of Pere Mar- 
Quette Tver sees sss. Several oe eee Mich. Fish Com,_-___- August 14 ___- 8,000 


Small Mouth Black Bass Plants, 1895. 


County and name of waters. Township. Depositor. Date. Number. 
Cheboygan: 

Done lagakesegeses sere nel Munroe 20 4 John Johnson .____-_- June} eee 16,000 
Genesee: 

Barnumie lakers. dee oS Benton ss Levi Barnum _-__-_-_--_- May 14-22 3,000 

Copeneconie lake ______________ Holly, Fenton and 

oOtherss: Sia ear vs ee eee oer | 4 eee 3,000 

Kalamazoo: ; 

AsVlOMm Lakes oc oe lt Kalamazoo oe Herman Ostrander _- Tg Fo ieee 6,000 

Gull akeseesues oe et Ross, Barry & Rich- 

’ Land?s sees eee Jel Wpronnassses gy boyy SN 9,000 
Wihitterlakeseseste 2 i Kalamazoo _________- ‘HE OOta sia eens A a ie, oe 9,000 
Burgess lake oes Horeka vorecsoseee ce W) BR. Holden SPS vg gat 5,000 

Lapeer: 
Ottert lakers we 2.04 See Marathon ____________ Charles Hatherly_-_-_- Sait LO) eee eee 3,000 
Barnesjakoe ec 2.2 a ee Richland) 2) ==: John L. Preston-_-_-__. Nhs! Bae ae 9,000 
Montcalm: 
Colbyilake: 3 oe eee Evergreen____________ Heber Baileys. FAY. wc ale lh 3,000 
Muskegon: 
Meck lake 2225250 ee aoe Rroitlanud: >... Jolin: ReAustm® 2.2)" Bat? Qn ee 6,000 
Oakland: 
avis lakes so)... .docseneas Springfield.__.__.._-- Rta bus ponte. cues? OP Lae eee. 3,000 
ac iAwe se 0. td eee Holly alee ye dest 5 J. H. Porter ..-.1_.- rare Lae) ee 3,000 
Serene a eee a PES Forest, Campbell....| W. Bloomfield ___-.-- Nag Dae es 5,000 
israel Ale ao Sgnermem OPN aterfords... sc. 522. Be W ablaim. 10 2203 eld ree 5,000 
Boag emer er eee iS 2S 0) Se Springfield___.______- BvGt Hlyoe os ee: 6s) $4hcenee 3,000 
LO. Al enna) "Sener ene eet et anys Bees eee CD, Ne eg ee 91,000 
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Small Mouth Black Bass Plants, 1896. 


County and name of waters. Township. Depositor, Date. Number. 


Antrim: 
Intermediate lake _._____.._--- Central Lake _______- John C. Mathews---- May OS sate 12,000 
Lake of the Woods _____..__--- Onuster.. "2.9 ee GC. ds, Baileys. 20 eee 13°. 538s 4,000 
Cass: 4 
Baron dake. te. 08 Pe Howard: 222342: Charles E. Smith___.| June 12______- 10,000. 
Emmet: 
Crooked takes: 22 222220 Uae Littlefields-22s7 eo. ee Charles Bullock --_-_-_- May 18 ______- 10,000 
Pickerellake 22 <2 Aa ae ae reele gk bn. S08 OfG:: Copperas tty 18 ee 8,000 
Jackson: 
(Wleanlakem sen weet see Waterloo... Orville Gorton -_____- pase A Wie pc! 4,000 
Bound tale! aso hs Seen MAS erty Gens! eres Chas. J. Van Schoick| June 10_______ 8,000 
Kalamazoo: & 
Barton lake cle ee ee soit. Schoolcraft ___..___-- Henry I. Allen -______ May 26 ______- 6,000 
Sugar Loaf lake .____________-- Schoolcraft and Por- 
tages ee eae W..:C Kohl eee $2 26 canes 6,000 
Weost Takes see a ee Kalamazoo ___.-_---- C. ES Foote! 2222222 epdlieie| Vlei Ss 6,000 
White's lake Hie se RGA Ts ne elie 2 EAN Bn pea athe 612 eee 6,000 
ivonisd#ake sete PS ae ich rae 2 een aS OS CSE ese mabe PVs 2) 6,000 
Kalkaska: 
Starvation lake 2232 es Gladoese 2b Ce Batleye:e sere AS ee 4,000 
windakes toes 2 ors ae oe ee Glade & Cold Springs rs ABDI Sane’ Sats tt AS Gane 4,000 
Crookedtlake23 2. ca Rakes Gladden: 2 OR UR aie: ee OSA Git ua eer bade Fs rs eles 4,000 
Indian or Squaw lake_________- SUSY neo Relea ii ReMi Tyas ee OSE A aaa te Ue $013 See 4,000: 
Kent: 
Campauilako. sects seen u seme. Galedonta a 22 sak Lew D. Stark. ____- June 14._____- 1,000 
Reed's lake!) i eran eee Grand Rapids ___-___- Gone tee Rail- oe a8 
GU EHR as Camella Cs came ae « Ste ek os G'S. Johnsons 2. 4\ May 260s 3,000 
Lapeer: 
Otter: lakes pee ae \ 
Powderhorn lake ______..---- Marathon _______--_-- J-Ce Mason =24 sie the “Ohi ges eee 12,000 
Park lake. fest ees 
McKeon lake :é<co ee ae Oreronier: Slee ae: Will: FeCl seas tie 86 Oh ae ne 6,000 
Hemingway lake -_____________. Marathona= = esse es VE ee oe aera 21 ee 6,000 
Leelanau: 
Manitou lake 222 eee Manitou Island_____. Samuel H. Row.----_- Sy 2 8 ee ee 6,000 
Lenawee: 
Devil'sdake i 2205s foe Woodstock 22 es Hope Welch ___-___-_- June 10a ees 6,000 
pand lake (2202 aes Franklin and Bain- FVD aera 6,000 
bide Lotte J.J. Putnam & Sons. 
Livingston: 
Wmkevake 4232 eo eR Sees Hamburg 2 ieee ne W.H. Bennett ______ oS 2 cee 4,500 
Mecosta: 
Gléaraake 22:62 Bee ae SOLE REx Ds an 9 Bat AS SwHobart. 22 sme 3 resi 4,000. 
Newaygo: 
Pickerol lake 205-5 )20. 2c ee 
ae a Brooks and Garfield_| Geo. E. Taylor _______ May 28 2128 8,000 
Little Marl] lake ____._______- 
Oakland: 
Mace Day lake_._-__2--_-2--.__- Waterford __________- Geo. 8S. Hammond ___} June 3_______- 6,000 
St. Clair: 
gMill creck 52ers eee, Clyde & Kenockee __.| A. R. Avery _________-_ May 15 5222 10,000 
Blackiriver 2.228 1S) Gee Clyde, Grant & Worth . COS 2 Senna oni $8 it ease cone 10,000 
St. Joseph: - 
Pisher lake... Sco ee Habits 202 ah ae He Hie Whipple22 NFA | ed Ya aE 5,000 
Kaiser lakes ot ae dite UEP IEMs Spslet Nite Ed. M. Shafer_______- Bhan 22 5 reel Ok 5,000 
Gorey lakes. S200 os aes) Rey ees 2 ne aN as JH Hann joke WS DG | dn) 6,000 
hong take 26s ee Te rae AOA Rc Le On Raich oreat ie HH Whipple. 7% SOR ates test 6,000 
Thompson lake _.......-...--2- Sherman!) 20 Se E. V. Hohndue.._-___- tie) VA ear 4,000 
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Small Mouth Black Bass Plants, 1896—ConcoLUDED. 


County and name of waters. Township. Depositor. Date. Number, 


Van Buren: 


Lake of the Woods _____-___--- DBCAUUT coed occ n= Frank C. Stapleton_.| June 12._____- 6,000 
Washtenaw: 

Whitmore lakesss2 2. ee Northport: oe. W. H. Bennett...____- CPt Doin 2 hors: 6,000 
Big Claes lak 

ie Olam lakers ee . 

Little Clam lake ............... a TE: Se H. F, Hodges bp May is 3 6,000 
Wayne: . ; é 

Detroit rivers. se". ee Detroites. 165. es Mich. Fish Com.--_--- nt Vibe 4,000 

TUDE oy epee ae ty Lo ut ae al ANE AN SRE  PC l a 238 , 800 


Large Mouth Bass Plants, 1895. 


County and name of waters. Township. Depositor. Date. Number. 


Barry: 

Wie Lilla k Gast ee ee ao HODOH es ee WeeD- Hayes 22sec May 20/2. 6,000 

Danco iakGeeere. ser 4 ee Rutland st 4 2s W. J. Michael_______- SSG 20) We sa ee 6,000 

each lake. fete wes ee Ses Caritone eee he Ty. As Crowelle2i:22-- Sem OO) eeaene ee 4,000 

Middictlake ares. Ft Wee 3A pile Se de SS RS Si) FE rm 20 eae eet 6,000 

Warteriakewe wu ty) 3 ak Prvilie see ee A Jee Noiss = eee. ES nD) tae eae 6,000 

1 Decogat 20 a cyl ES Sa Shes Ea Hutlandsese W. D. Bennett ______- ears. fat 6,000 
Cass: 

Hutehina lakes sole os ee Newburg .__._----_--- Albert Bogert___.__-_- 02s ae 5000 

Plagsantilake te ee 2 Ontwa sso Eugene D. Smith ____ eA (phe eek 5,000 

spas hae pA Alsat ah Se eee Marcellus -__.-...__-. C. 8. Jones ..._2-..-.- Sy ead eee oas 5,000 

hed elm Rod aR: 4 2 ee Se Bea eat és : ‘ & ¢ 

Saddle Baglake.............-) 0) wrereeneeee SS seen eceeeee “27 .------ 5,000 

Biel lalcemer wate oie ei) Ge) SSID awa tee ee Wal, Armmold==.s—: 8 Gf [ota ee 5,000 

Rikelakecwe oe en lf Ge) SUT og eal ee Robert J. Brown.__-- SS alae 5,000 

Crofte lak oft ioe Soe See Wty RTE E. P. McKenzie___-_-_- ety eek ae 5,000 
Jackson: 

Ea a HANOVeLe eeeeee eee W. H. Sanderson -_-_- SD. 24 ae ee 6,000 

IBiDbDINsiAake. ee. SO ae ene AY Tes S trai tees ee A a) ee ae 6,000 

Sees gs | Sammi. George E. Beebe... 24... 4,000 

Plessanvlake ses. fis) OSA net te a cs Sie tere seit OA ee ena 6,000 
Kalamazoo: 

Sugatmuoariakos. 2. ee Schoolcraft _____- | Ohas, We LD vAliens ESTAS hoes oe 5,000 
Kent: 

oudieer lakes eo ieee Ale 

ANKS lakGut sec © ee v6 

Horse Shoe lake i MOR ee lo Oakfield alton aie Windia) aoa ad ee a kas as W. R. Holden eee mae 22 ------- 6,000 

Halt Mile lake estate 

County Line lake --__________.. Oakfield and Eureka| ‘“ OS We eee hiake 7 ee aka 5,000 

Basd. lake. So) ae eee = SnGncer cee es St leeeioae Zee oy 7 eee 5,000 
Mecosta : 

Miller lake © 2 ye oe eae er Coliax os oe A. W. Eldridge -_-_---- PON A Lane = au 5,000 
Muskegon: 

WOliilake = oo. Dee peer Helostons ease ee eee E. D. Magoon.-_-_-.-_-- BSS 20 eee 6,000 
Montcalm: 

Woitetiemiake~ 26.) 0 PiOTsOD. a5. ee > SG SOOtt sas. sscece Me nel esteticae. 5,000 

BRUM fe ee 3c a dee kaa Richlands ok Edgar S. Wagar ----- vince gemeatee 6,000 

Vp SO rr aT eee Pierson 2 eee SIOsScotti ae RA Uo, soe 6,000 

eat) GE) tO: Salhi a ais Montcalm.__________. Wis. Holden 24 SF 20 eet on 5,000 

aren ar ea el) eS i ee ee 145,000 
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Large Mouth Bass Plants, 1896. 


County and name of waters. Township. Depositor. Date. Number. 
Kalkaska: é 

Lake Twenty-eight __________-. Orange ses e ues nee = Peter Elzcorn______-- May 13222. 6,000: 
Kent: f 

Reed'silakerc occ see. Wee Grand Rapids -_-_--_-_-- G. S. Johnson_______- £26 anes 5,000: 

Campaduakes sc. ccs cer os Caledonia__..---.---. Lew D. Stark_______- June4. 22S 2,000 
Van Buren: 

IWolthake sees A ee ia Alimen ato 22 See estes James Buckhout ___.| May 12 ______- 6,000 

TOG i es Neen EN aOR ao eae rN I oe Po 19,000 


Gold Fish Distributions, 1895. 


Name. Place. Date. Number. 

BED ie IN © SOV TTN A TN a earsira 2 Sh I rat Deer eR ee Bay Oity ii bee eae October 19._--... 12 
IMB rigger wits sous 8) rican ee ea ian kee aap BL Battle Creek___________-. oe 19. ea eee 12 
Hrank i Cornelie ain prell Wii eet eae ae dene ahs Woy Belding iis se pemaien August 29222 10 
CAKE OY 6 Sarre ales I Sa cil hak ot Br Hudsonville 222522 September 16__- 15 
OSD ATE EMSs est a HI yes ea Nl na Lee Uma ola ane iibie) ST Kalamazooes jus us 16cs 4 
TE BWV: iD Vie eT aes oe TW a WOO Grandville=2 eee ve 16208 5 
A CULV OT fae cr ee) ree viens Aree Ae yr 1 A Grand Rapids________---. August; 232-225 15 
Ho UBro wy eee Wee een eas Poe een Wile pine Sacinad wee ee ee a October 19 ____- 25 
ancoln We Titus sso) ee ee ees oie Paw Paw.jge ie oaer ss eee August 26 _____. 10 
Grant! W AGordon See ee Ge ae Dearborn. esses October 24.____- 6 
MissiMae Olark. Vins Gi re eis animes tac, nasal eee (Detroit tee ees fe 2oc2 ee 6. 
Mrs: Wim Connorse: Ue oleae: Ween eae ae eve ere Oi Mie Eee ic ck Epes eee ce 23° oe 6 
Chas.T. Duthie rel 1 Bae es Maas al ee ae eae OC ca TR od cet hey oa “ 20 ae 25 
CAA Sealiyisto id Se Sie BOS legal ee cee ve ae pd ad Ti Oey eee is Sore 5 
TED SW 2D a Vis 508 55 argc ne ge et Distrib’}dan Grid Rapids|o.2-- 2) ee 150: 
Totaliee or peke e  E 8 peat xe Rp 2 lobia tae tener leer Raat og Oe a ne 306: 
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Gold Fish Distributions, 1896. 


Name. Place. Date. Number, 

“iP Pg 3 9 0 ie Ee es, dS oe Se, Be Ay Cl y ieee noes eee ee October 14_____- 12 
A CAR EG Os wast eee eee eins Paani Jn Leanpiniey a6? ase eset: Ay SR eee 12 
2) a IE = = 0 a PE by 8 a Set Grand Rapidss.-.ooteeee- ke 7 Vee 2 
My ——_: Miller...) ne endo ee ge «| etticba bea thar by 20ers 2 
Mr ——-—- Westover ee eee aS a a yee a Sete “s 20m et 2 
Mey ——— Or Sry eee eon ht iy a eee kee ss 7 VCs aaa 10 
WeeGsiey, Kmightui ts cet een oe ree ik pe: Dota caren ake hee Pare 10 
Mrs. Uttersses:: | oe elt i Sees eee Fee Be Us = I < sae Oe Dinh SS us 205 444 2 
Mr. jiabantborgyie ih ah, oY Te | See eee oe ee se ey ete ein OE Ht 20L atk ye 
Mr. Brewster see re ee A nT ey et) 55 nt bei as PORES 4 
SOMMCTES LOMO h see aise ee eee ee ea aS eg eae Re Bae is 20a: 6 
Mr. BLOW eee nt wee eee 2 A) ay ey? Cie ee, bee a 20st te. 2 
Mr. Baten eee ee Se ae sages Caer al tar te ne 20 are 2 
SCR LOUU ITs See, See eeeereet re Ce Sy Ee ee ne < 20u eee 2 
LAS RL LOL aro Were ey eae eee, ee ee ay tn Mill Creekiectsest! ee AS 20 vies 4 
Ven A VAREe ae eee ee Sec Pach. Grangrnapid ses see MS i ake 60 
EeA OX anGer. 4:5. See ne ek a Birmingham .________---. = ibe ee 20 
Mr. Brown cee ese ee ee Saginawneese se eee ee 12k a 25 
PAN COLDREL,LLtUs eee een Ce Paw Paws oe se 16: 750 es 12 
Alex baker sas ween een ee te Ypsilanti: ee 2) eo ih: 1s a 10 
Harriet. We luiarkinseeee tee oe Detroiteest eee ; o 205: 10. 
Mvrar Ones oe eee eae. Rel Sele PERS eae eM yee Oe UR, a ae as 20a 10 
Georcerl Groene mee seee os eee fee Oe ee ee wh 74 Oak ye 15 
Teme Wc Ay eee eek: Yo eth LVN ie on SOS Races re 20258 Ry 15 
A Mio, Mikeph@qhe ous i ee arenes seen eee ee en yl eee AN Be ee dy be eee 10 
MISS PATIO OLSOMeeee sr ee ec. be pre arin gl, Be Sees 5 
NEDSS, Wit Ge ODO memes ee ee Et Pe 4. a ey edo Gig es ao Deters D 
WetroLe NOrMmal sSCnuOOl sso. 05.) - ose ek eee ee men. Soa ey a 1a eeee 12 
PCR ODKInS seme seen oe Dey! ie Oly aia ot Bed September 30 _-_ 6 
Wanitredeusmiticm. seme ae phe M sor path teen yas See re 18__- 12 
WEL Dax LOL eee i ee Si ir cma mecve VS Ney gt th s0see 6 
Public schools by Louise Miller ________________-- iin ithe al Looe BS RE October 20_____- 150. 
MxawAtice:helravors se mtemte folie fis Se ea a May 14233: 6 
eGR ON IRC Horney meee a ak Be MR eae | Pe Se See 6 
enIConD tla tL LOte eee rine en ot A Ee ee ye Sara Meiahi bat pra Oi 6 
jer hye, TBE arty OG, ey eo ee a ae Ra OS re oot om | Re lp Peer cere eS [a th eer 12 
it el  ereneR ee Se TY cote 4s) ie Cul fey Ws te Ll es 487 
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Carp Distributions, 1895. 


County and name of waters. Township. Depositor. Date. 
Antrim: 
i Gs te el Nae eS Mancelona ______----- W. H. Kettle ._______- August 24 ____ 
Private eet ce. hod ean ea yekan Scores corer BrAvKemp cesar: rs py ee 
66 CDA CARS AE OA, seed es nae 66 sc A areiete Bar? 66 Lie es Nae Ue ee 6e 24 Kiet 
Barry: ; 
Mudilake sive lw eer hreek Barry 2.2322 Addison Pennock---- a 21 
Gillispietlakencwe 25. ese rt ean nee e Sekt Oe o8 ees sf 21 22 
Bullhesdilakes 2 ee Carlton) 2 aaa ss J. W. Foster .____.--- BS QTc ee 
Irving Mill pond -___.---____--- Trving 2... 2) Lather Sa hiilishaie |: sé 5 Gp 
Benzie: 
Gary taker? Ay nc ere ® Almiray a0 ose es M. W. Courson..____- zs Pe Nae ai 
Kenyon lake oc vo os papier a mache aN) aL. one Bs yo tek aac a Py 
Calhoun: 
WA GUATICTY oo ahs 92 Oo ie Battle Creek________- BS Briggs. eee tS Davies 
Cass: , 
Private PON 225). ei eeee eee Newburg] eo Fred Jones -___.--__-- ee 19. 22 
Clare: ? 
Green’s lakeyicier ces. 2 ay paula Hatton 242-222 John Quinne_____-___- # 30:28 
Chippewa: " 
Prout: DrOOKks weece. ie eee Rudgard/ ese ReGe Lrimblesvassye: October 15 _-_- 
Clinton: ‘ 
Private pond.__.__..2 2.2202 J.. Ovid Lees Siar re James Valentine. ___- August 29 ___- 
Dickinson: ‘ 
Bastilalkce Gon lew a setae enor Breento. 2.72 eres S. H. Bridges _______- October 16 __- 
Lake on Secs. 10, 42 and 27____- Rh SOs Vy Bae aaa eee A Hedge st i) +410 e 
Emmet: . 
Geciltlake: 2 sean ceeen) wahec Carp ake. eas: W. E. Robinson_____- dy 19 ___ 
Genesee: 
Atlas Mill pond.--._--._-_.2__- Atlas 26364 segeia ets P2WaGalormesoseic ws ef 19 ___ 
Private DONG nese es eee Genesee _______- einer JweeMurray serie oue gs 19° 8 
Mong silake &..ciesnieen Bones Davison 22 ae L. J. Wicker ._______- September 4_- 
Potterlakeosee iw eee eee Genesee and Lapeer- oe Se it pe eNeee kl aren i 4 
Byron and Pine lakes_________. Henton 2 2a ns Frank J, Sadler_____- ie Be 
Gogebic: 
Crozier’s lake! (lei Watersmeet_________- G. ie Wright: 2200022 October 16 __- 
Mira tlakew.cre wotein Senn ane taal Marenisco 2228055222 os BE Op ity Nal wad a te ae L6eie0 
Hillsdale: 
Private;pond )i22a oe Halisdales sess es Marion G. Mosher.__-| August 20 ___- 
Cambria Mill pond ____________ Cambria fees Same Geo. H. Busch ____-__- te 20's 208 
Gaba ke taraso Ce ee aan 8 Oy ota Ne ce ele Oiee rank Weston _____-_ sé 20 setae 
St. Joseph river_____._._._.___. Jetlerson eee layton Powell_____- fe 20) uae 
Houghton: 
menecataAke coc: Nene Calumetieei eco rse.2 John Duncan _____--- October 15 __- 
Midlake ri ace ier iienra South Lake Linden _| Charles Smith _______ i 15h 
a Gi il iets yaa heed ue ape Duncan seieetse GeWaShaneire see a Gps 
Iron: 
Private lake oie see Ores Atkinson] 0) oes Paul’Sehmltz eae cake See ae 
Private pond {aiae es eet ah eat Crystal Falls ._______ A Sastre is heels So Cir ee ea ities 
Isabella: . 
Obrien lake S897 cies eee Eincoln 2 as ie Birton I. Gee _______- August 27 ___- 
Town Frye lake______________-_ EAI GELLTNO TO teens oie Ned ehilling ess souss c Bieta 
Jackson : 
Liberty Mill pond_____________- Et berty.ce lS eae RC Caty ei velo st 20 ees 
Kent: ; 
Private pond S302. ce Seen Grandville __________- Vonderodde George-. Ci Ad baeetepiel 
ss ASE ed Ree ied ee M Ie, Hudsonville ____.___- CRO vhs Su shee of BA Wa naeh 
‘ SOT Co ee Se aa Grand Rapids ______. Chas. H. Chick _____- sf 230 2 


BI St riveree. Constance Vergennes. 2060422 EB. d.: Mosher 202s: ~ PA pene 


Number. 
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Carp Distributions, 1895.—CoNcLUDED. 


County and name of waters. Township. Depositor. Date. 
Lapeer: 
Perch pond... .2.:5_.2 a eeeee AT tiCg Sm eeee ee. J. R. Bellow __-_.---- September 3 _ 
Lenawee: 
River Raisin edhuc art ae eer aee Adrian niin SRE Nah ae C. E. Brush che. 3 ee August - ea 
Livingston: ; 
Dollarlake. 12.2 eee Brig nvOn comes ee ose J.J. Van Lewen ____- September 2 - 
Pickoerelilake). 2.2 2S YS Fee RSs el a Seam tet: (SETI us 2. 
Marquette: 
Bancrottlake 2 22 eecesee lee Ishpeming __________- Geo. A. Newett ______ October 15 __- 
Mecosta: 
Private Jako'-22. ose eee Mortons os eee Frank Colea25)-.- 2. August 27 ___- 
Pine lakes fee ee Wheatland___________ AD itHawk sees: Kh Va ee ers 
Private pond. see. Og et eee ade C. H. Roberts_-______- Mid Zippers 
Guy and Mud lakes ___-____-__-. LD sri! aNl af gin ae A. Hawk. ___-____- e Alusces 
Pine lake 42s eee ee oes Chippewa-___--.---_-- James A. Roop _____-_ “f aff gah 
Montmorency 
Mud laike 2 ere ee ee WGN Ge ene ee oe we Thomas E. Double___| October 19 ___ 
Muskegon: 
Christiolakels soseo st in Whitehall’ 2232 Christopher Kelett __| August 27 ____ 
Newaygo: 
Whipple lake =. Barton incre coer aoe Urias Gardner ____-__- October 14 __- 
Orton Jako ese Brooks 222220222 ..— W.H. Kritzer___-___. August 27 ___- 
Butterworth lake _____________- Brown ee. eo Pe asShaw sees ee VN feo Spa 
Private mondess.2220 0.22. Bah Wed ulin cere 2 Litera L. M. Barnes___.____- is igen 
se AE” es Se ne eee Hremonteieaee eee George Gould____-___- MG Pf ai ea 
Oakland: 
Martini lakes oes kc Holl yapess oe eS James Martin________ October 19 __- 
Wedarilakep estes 2 ese ee Brandon 2eeeo-. eee Alonzo Flagler______- September 3 - 
Causeway lake ______.---.._---. Lead 2-< de tans DE eta Gniten eee eee sb Mie 
IETIVAtE PONG = ee eee Ortonville_______.___- J aii D. McIntire___-_ ot Bh 
Wedamlakers 22 Go eae Brandonmeaee ens Peter L. McIntire eo: oe 3. 
Ronndiliake: 2) See POTS b RCE bee aed Wildor Clark __¢____- a 3. 
Private ponds. et. Groveland __________- AY HV Avistine 2 cee af ie 
sceola: 
Woolworth lake______-_-._____- Burdell. 22-232" Theodore Rogers .__.| August 24 ____ 
Otsego: 
Stream on Sec. 15 __-.___--._--- STEN 2 Wie ee 0 ASA n@ranGssccctcee October 19 __- 
Ottawa: 
Private pond... sce. oe Hudsonville ________- Gala Guild) sass August 21 ____ 
Schoolcraft: 
Manatee tess stint ey oe. Germfask ________.--- Edward Menere-_--___- October 15 _-_- 
Tuscola: 
Private pondse= se oe Arbola:= seecames FH eAy Daniels == 2ees- ce LOR 
Douariakeme ccm ne eS Millington ___.._____- Robert H. Murray __| September 3 - 
Van Buren: 
Briggs pond: -S0y62c ou, =. Paw. Paw o.cee es Cy Hn gle settee es sae August 21 __-- 
Willard pond) samen oe ce SOS) Ue err ES SS Ab SOPRA rif sé PA Wea SS 
INOEti lak eee eee er Pine Grove © Almenal Wm. C Gibson ___--- ue Pa ea 
Veloy’s pond 21 2 Fete Pine Grove__________- Charles Veley__._--_-_- fe rh Nee ee 
Sherman’s lake _____._______~_. Paw Pawn Ghhnelerc. sore a i Abe’ 
BLOWM AKO. ery a ae nee Keolore see Samuel Scott ___.___- as Peete 
IPTIVALE PONG ves eee Mecatour ee eee Thomas Brandhurst- September 18. 
Wexford: . 
Johnson’s pond __.. -_---------- South Branch.------- George W. Johnson_.| August 24 ___- 
SROpATUL 7 2) Ry Rae EG les ot aS, Ce eng ie ao “es ae TR Lo 2 aE nN eR BP ES. LA Re 
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Number. 
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Carp Plants, 1896. 


County and name of waters. Township. Depositor. Date. Number. 
Alpena: 
INMiseny Daye eoe canoe Ny ete Alpena tale cieeeeme W. E. Rogers.___.___- August 14____ 80 
Baraga: ! 
Lake Cosgroves. ou. ole) Besa rage cass. eens N.S. Pennock.._____- ay 1s2cc2 60 
Plainvlakkemewoen meal oes. pb ae weirs Ploeg hs Ut os Oe ae ne i ayes! 60 
Three lakes on Section 14_____- Spur: ee George McDonald... -- oy 155) 40 
Barry: 
Pomp lake tes Se! Ye ae Hopetcs irae Dugal Campbell.___. fe 6.05 100 
Sawibayalake sess emi eae Rutland 2yae2e2. sees D. A. Holbrook _____- vy Ga 300 
Calhoun: 
GOOSEN aoa te oe aa uae Pentie] d tease sae Edward J. Smith ___- us Boies 400 
Crawford: 
Pickerel lake. oo... elk 2 N38 WV sue oes He Vii. Bowel es ut 1420 110 
Eaton: 
Private mond: .oos2 bese Charlotte.) 08. James Murray ____-_- GE 100 
Genesee: : 
Mhread POud..co2. eee eee Barton. o24. ae ae Abram Peer__-_--_---- ‘ Byes - 100 
Gogebic: 
Snndayviakesc vod L eh ie Wakefield 2._ pense Lisi. Wrig hpeieess ce eu Lipaee 40 
Crozierlakess 2s) ee anes ee Watersmeet__________ Wy aera hietut spay ie 172 120 
Grand Traverse: . 
Rootlakewien: ere wore | Whitewater_________- Ta: Tiydell Sears oe 11s 60 
Houghton: 
Groomer lake and stream__-_-_-_- ATING? S6r Wiese eee : Geo. H. Houser__-_-_-_- nf 16286 40 
Ionia: 
MUudnlak oe teciscs book. rea insem Berlin 32 oe peer eee Ralph Crane________- os 6h 80 
Iron: 
Private ponde eee een Crystal Falls 222 A austhieldue cin. ss y Wy ee 75 
Lake Tissetta 2.0.0.0 2 ee Mastodon 5). 78 Fred Velquette _____- oe Lie 75 
Kalkaska: : 
Rainbowrlake) eee eee Coldspring te2 se. Wm. Thompson-__--- e iiss 80 
Hisher’s pond 222 2 o ea Orange Westone ons Peter Etzcorn_______-_ Ok a Ree 80 . 
IPrivatespOnds ose. en ee ae Boardman. ___----._-- Albert Sage _________- ot AG a 50 
Kent: , 
Malls take 2oi0 ete eG ce ae BYFOD boc sees George 1D. Hall oo. | 82. eee 120 : 
BALE y qOOM Ge ele ee Be oe eaees Parisi ict iie cere SB. baileys iy io ee ee 80. 
Private ip OMG. eine. teen mene Het HG Ne etek ha NO care x: aLE RE Tare Pte Se tT, 80 | 
Lake: ; 
Wioltnalenice d 2.0 aires wid Wobber =o ya Harley Bartlett._.._.| August 11___- 220 . 
Lapeer: 
Sk ym’ spond ¢ 12) eee ones Nae North Branch________ Wim Skyvmieiee oe s Sven 40 
Mackinac: . 
Round tlake 2 a Neos St lenacessse as James Stevenson ___- ss 147 60 
Gallashordake!) 62 fae ee ad pe A Uo et ak Coy aie ene My 14h 60 
Manistee: . 
Koxtla key ke seed oo enina Chandlor#o3 basae0m Neil Gallagher _____- os ps Re 50 
Galhice lak elk tein R i ee at Gallico22 ee hae te NN uiea yh mec sf i Ly Welk 15 
Barneyrlaketoe ss Nees ING see = aay oe Sey CMs fle ae) ne 112288 50 
Bondidla koeee eee naan ieee CGhandlers-22 seuss sf LARS a Snr apa r ih ea 15 
Greenislake see es Gallices= 2 Se ae &S ere Ad | Mic rteee ‘s aly PES fe 50 


/ 
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Carp Plants, 1896.—CoNCLUDED. 


County and name of waters. Township. Depositor. 
Mason: 

incomelakor 28s. 4. een Hamlin and Pere 

Marquette ________- BoaewW. Grahame sseses 

Mecosta: 

Wolcott pond. 2.2.0 elena Big Rapids -__._-__-- L. E. Wolcott_--_- a 

Grate IAke See see Chippewa -..-...___-. James M. Roop_-__-_- 
Montcalm: 

Steffenson’s pond ______------_- Montcalm_-__________- Andrew Steffenson--.- 
Muskegon: 

Moveless lake tr. - o 2 see Cedar Creek ___-.___- Louis Roupricht-___- 

Crystaldalke we a: S22 brat er Se at WVinibenalice ses Jispee: Christopher Klett ___ 
Newaygo: 

Wihtpple lake =. 52.22. cse eae Sa RLON ee ee oe See Urias Gardner______- 
Oakland: 

Done laker 2. cet eae ee Orion ameter e. ee ran Edward Miller______- 
Oceana: 

Round lake {2 See eee Goldenesso*. | Harry M. Beals_____- 
Ontonagon: 

iIPrivate pond !52 22. see 1d Tg sa NECTION aero re eee Leonard Nelegon_____- 
Otsego 
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Washtenaw: Y 

hiveretvalsiml..-.... ec e Manchester __________ Bea w.vAmsdense oe. 
Wayne: 

ertVate DONG sos c ce ne Plymouth ss sees D. W. Packard_-__.._- 
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TEMPERATURE OF WATER. 


DETROIT STATION. 


Temperature of water during whitefish hatching season, from November 12, 1894, to 
April 27, 1895. 
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Temperature of water during whitefish hatching season, from November 1, 1895, to 
April 22, 1896. 
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DETROIT STATION.—Continued. 
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SAULT STE. MARIE STATION, 


Temperature of water during trout and whitefish hatching season, from October 15 
1894, to May 17, 1895. 
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Temperature of water during trout and whitefish hatching season, from October 1, 
1895, to May 18, 1896. 


1895. 1895. 

Lette gt Eee ES eh Ss a eel le ay le DOZMEIBNG WV tlO=1 bess 02 eee ee ee eae eS OP ee 42° 
ea Mee eels See MOS UPR 6 ks WS ere ee) ies Al A ee A eS Ls FAR 
se Sey See ee a ie es 50 die] Bibs wef a aed Shes Ae ne a ys me ON 
(Palate tee tt ely ee en eee 51 B= LORS oS Fae eels Bis AG tek eG 42 

PUSS COG) RRS Bes aes oS 50 A SRS os EASY Nh Ret DP ih a ys Barta 39 
VC ee eee Lye et Sn 51 
Pal WS, eek Sea Nt DERMIS ALAN OI IR tees 0 WE 37 
at Sy eee eg 47 2a 28 Fe PhS SI ee SEU ss tee a 38 
21 te es ie De a De RMN i 45 Daas al SA Wy ER Ad 9 kes eae e wae alee 37 
ies ge Nc Te eel iy NOE ea Ra et > 46 PGW SDS a Fo le hy | ak Pee RR BG 
(223 fo: UO eee eee Cpe. 2 2S ane 47 PA SLE a 8 ee eee ee Pee eRe Sy CALE VORA Re 35 
PAIN aD chad ls VS. Ls wd ORS Ae a ON 48 QO ee sata TN kaa Uo Ley FRR 36 
2a meme eee: | 2 a aR 45 
DORA SH TS ys uln NAS gy Sane beter 38 
Ph = 25 os 2 Reet neg ger oe 44 SO e ests Bet SE AN eee 36 
ES ye os Ay gk 43 DOG. nel soe So S52 Ss Se See ee 36 
iE ee Nog ED Si eee ne a 43 ZeGr ese ra eee Nk ee A Ce ee bn 35 
“yin Ahan lee Sl eg ee 44 Tee ee nt Le OU OE a re Pea. Oty 
a ep ei aed Pe i NS ag oC 46 eS 7 I Ree Neen CRE Aado saan 34 
Na Oe aa eae bye Ve = ti ke 45 AO=16 es ee Se SoS ee eee eet 35 


110 TWELFTH REPORT—STATE FISHERIES. 


SAULT STE. MARIE STATION.—Concluded. 
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PARIS STATION, 


Temperature of water during trout hatching season from September 17, 1894, to 
July 1, 1895. 
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PARIS STATION.—Concluded. 
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Le ee eee een ee ee 40 
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PARIS STATION. 


Temperature of water during trout hatching season from September 15, 1895, to 


July 1, 1896. 


895. 1895. 

Fee ek oa boty Ne ila Lg TAA AN aS SY PIO lr 50°) |i Dec. 21. seco. 
OD eC VES Aad) A eM al AN BN a Oy ol oh aed RLS Ben ihe i ERD DN Ure laa U NRCS SORES LUGO a 
LW Dh LAST MANIA Riyal beat nih ty eg Ne Cae 50 OSes 2 SU OW ae 

DA OR Waren We UsuW need Bie esha: Seedy SL eae aye 49 7: RE SSH Seen er nee IUSIN Ie ne NIE GTS 
Var fos ( Uhh di ad ct Ae cil eet Oh A Ee pe ant ga nce Lge 48 Qi eA AG A OS Ra 
Octs (1-222 MUA Ye al re es Nit Seni IRAE Aiea 45 26. Swe oe eel Se 
Sey ea Opi GAB SN Gc GPAs MUN a UE ye apes IRE 44 YONA p ane aD pM MoU REE NACI! Wal! oy 
AEH Pa NPN AS ol 40h Sei SNL I ote eI ps 46 BO wee S NOES Oy lc So eked Se Nene 
Cy OC a eae Oem ee eet ety oa aN Sd 49 QO We DO A) 7a 
FR dale de LR TRS SN Le ges ieee crn SING tape a ULL | 45 SO=S Us eae dive SO Cade ea 
1896. 
ERC) re vey) ERNE RCPS ler aN OAL URS tS) a 44 eV RTM Dr As 0) VR 
TERA fiers EN NES 8s Ae IGE eal UP ee AS) See ee Be ee IS ee er 
1 WA lS AEs eR MON Ooo deeg oot CARR 46 Bie ue ieee Oa iat OR a 1) ye 
Coo ST) GN eee A-Boku es eek palin. 0 Ur 
Ag ie A A CALAN i I ea pe a A a 48 Gis Sees Me eee SIE aa Oe ce 
1 SEMAINE. A ae Ee eSATA GU GE UL wel eke wa eae an Ny) ee 45 THB See Poe iS i 
i pC eh pee hearse lepal nes SSL ie 48 Q-Uios fee eee ee 
BL Fie Mee MB Oe eat NPS ACSIA ses el mT AT: 122 os ieee DOO) oe i 
OL Sve rays he Lin DAR Fae Ye 48 WBo ease ee ee ee 
AGIA Seti GUer N a a et dime Ie eke AeA ee 47 Dae cd Re Sk Oe ge Ua 
PAA ENING IS WVU RIA CEN SEE TE ALOE SME re! eA ce! Oy 40 p hs Peepers year pepan i a Sta NU MMM NRE iL) et i 
QTR ZY ne a SG SON Ue eye Aa ENP A ave ane Ue ee 42 16-1823 2 fe oe eu) 
DOE REWER IE OE WE AEA WA aie Cru eee ne AU ere AB i, OW DR 2 by oe ee ED be 
Da eon (in ean oh sn eave En Wein eyes ae! 46 20-2 [Sata a See ial iy 
DES UUs Re SRSA UDG CY S11 950 a re ee 4T DDL a 8 lik a lh Gre 
EP Dee ea NN TCU a ee 46 V5 Sig Me aE CTU NUAS Saul neam iT 
DT ESO eee ei ak UL ae hea Peg hho Ay lee ne eee 42 24-206 ee oul Gua Te oe er 
CoH Rigen Aalpey Senn s LOOM Mim Nm PD Uie yak ak bel Soe PA | 43 DG aie A de aa a RINE ON a 
IN OV 5 eee OE SA hy SPA Se ee pate ee ree - 42 O20 ude Sa Ce I 
Bis stale iat ai eal ea wea AE Se AW aes 46 V+. ae ae EE MIMS MAB OMIPree iilde| o 
7 BY eases able isles Livin are eMule | CONC nial dye! 48 2 et oe eR SOc UN Une ILO ype a 
Pe Meceaintier Ua Wee SNe ie enlreur ie pane IN ee 45 SOL eee rece Sun 2 Een 
Gee aie BN OS Waa Ca, ile ROE ea mea ed 48 SL oa a 
Bei neb yy Seem 2 Ci A crereiaa Tt a TMG de VCE Maa Oe 46 Heb. Disc vabee 2 sh. 2 hah Ei ri cae ea 
Gg ees AA te eat ead BG le 44 De ee ie ee a ie as z. 
d(C UOR IDEN eeu rye MmAtnar eluate ited hla sha eh 40 Be ie ee en le nO ee 
y Es Es 2A OP MONROE ey Mey ue wie Ty sh 42 Bh ADEN G Ee an UN GER s Sl a ane 
SS ai ees a ty NR a aN A SL 43 5 Pep ON UN FUP e pete MatCa nmi ENMO BUN ary earl eer ct ysl SY 
LAST Cue oe CEL AL DG le ee ea ee 44 Gs eel) ih GO RT 
TGR EB ea es es AES NS et gO A ea doe 45 Ts MN Oe aL a 2 a A ee 
Bia Set SER shell LSD UC A AME PS tC een BE ea ITE EO 43 SLO eee air Nae sie r/R ele 
AU poy) I Monae ne MMAR MeN ase ne CDN i UN sh & 40 gb Peer Ue een BE ee tcw unm Cant ey rit 
ae Ny BAS ALO Le SUi E AI gr es a 42 D2 Se Sa ares ae pre a ee 
od ith finals SS ANA) TA SS A a Al as oY: a ey Gta Lt 
7d, META SDRAM Da en MILL ph ae Rah a IRL St 40 15 hs RRR a UNS COST 2 at 
DB OT ee ys ae EI EY UA AD gel aa LR ee 42 a Is ae ole UREA OO MeMEE EME aE Pl LEN 
IND Aa Cann i At Bia OA i Se le 43 DT he IR BPS a oo LT oe a 
PAS ELSES Ue ICR Den eeu eure el Gat Mita Ni 44 ye Sulpaerarige oe eGR Ma peer anmeonuadea tolle Canin 0219): 
SO Seas Ne Rh Mal Si td CUT ulate a eg a aa 40 Qs 2 We Bo ee Fa ee 
Dec. 1-2 far hae fea eae esa force (Ow ww: ou| as gl saa Go intemal os me | eee) ao) aw RE ee ee ee 40 20 wee eet wee em meee ee ee ee ew we ee ee ee ewe ew ewes oe 
Bs Pea li" ae Pee OL Nn RUT Med e Scty AE 39 DADO i aN Nia a i) itt 2S 2 alana ae a ee 
AG eT get NUT Is SEEM GN arta ALN AA a 40 Bo= 24 wise. See ee By ee 
| PEN ins Seer stand Se Be kleM Ait The ita uci ees cso a 42 20 SUAS A RE Ie itary an ee 
haat aaa asia salva lenny. tN LS SRae i Men leiranl ae 38 PAs ENE NLP mm eMDEB LIN Sa 
a et Wp pe any Oy lS tedi TD OAC RUS TRY gly aE a 40 PA ee? to 3e eee a ROrEDNERE TL L)l 
Ks Ss SMe een hus lana alan bli Mat thn Seance 37 DS tee PER RE ot BCR CN la 
NO) EE SU CN AA OE es DCU Ae Bera 38 Mary 15 seo ee aaa eee 
pss epee te el NEEL ean Dol AD 39 (SPAMS mm MRED IRE a Ath se he Cu Ae E e 
iN Gel Mae op ACatety BAUM REMY Ua None Naas un IW ead tte 38 TB SCG 2 SON a Die Ns gee een ea 
pW fete emia hee ne RUN Garg Mle ieeccie ile Mae mol Ue 41 3 1 (0 eee O RUAN Rn Icrers Sar kal sal LL eta 
tora) A ee Wee A meen eg ANON CAMEL AI eA ay cM ven ite that 42 ph Mae Ouray Piymideemmbn Miran heme es Meine UA Lg Mtge 
ie ural Whos aan UND, Ras lV) A BO RR ama yd rah 41 DD eal ine ait Wi ASUS ae aan ated fet aa ang 


a a a ee 


1896. 

IM BY) lone nt oe a eee Lol ee eee De 

A os a, i ele aS ee UR OS SPE! oe Ae 
iN ey a e e  ie Se eae noi 37 
ICs ni er ll a AM el ot a 38 
A eee me St Sen ets ce er 40 
1 LOLA Aa Selle ae ase ee 41 
ah fate et SR i Mees ot. le or ES Sa! 42, 
DG Geek ok Se eee eee Cat ae 37 
VA VY Aa ee eee PUNY oy! f= oe De ay, ee eae IP TT 38 
Chg APE Fe nO Pee cee OE Ee 2 RS 36 
7 RRS Aorist tate At? J Dh) Salt 37 
eRe TATE Sa ae EU EE al eae os 40 
V1 Vy peor ie oped EE Di sSex iy, ot ky DUpber ey a Gis SRR 39 
PEED Gal pain Pet Wir kD ooo cages 6 a a 40 
SO et? as pole al et le ork Sa ae 41 
Bi bth Sel te ae ih Ge deer <5. ad les ste 40 
ATE eet cee en et ee ee Mea eiee eS Nae Lo 41 
2th ss Ue De gee EI Lai se ht Pee a ie a A 38 
Ly LICa et ad a oy Ca gh 5 oh ee - 39 
(os |e a aes STURN ee og, el oe A 40 
Ge? Me, Bg FR AO 2 | 3 Ua ha Sa ae 41 
1 Wy Mera d Min Pe Ce eli A ake ar aa Pa 43 
ee Se) | Sr RRR i et 44 
eed eo, ie eee te ee oe Tes 45 
AGS et ee ete. awe te koe ke 48 
TSS Une ee I eek EL cae oe ok 49 
OREN oo Ge eee re ok eS 48 
PAV ECA [i See OES EEE O01) 18 (a Se ce ee 46 
LT tO ells eee ER Gut Me tee wide Ble 43 
ad se ee eee pn a oe 42 
Dee. See MENS eo 44 
ASS Me RD A ee Reed ey eae 46 
PAC a see Sc ATS TE Seg rs ae ee 47 
Ae ee ee HI ME ees PN SS ee 46 
EZO OU see eee in creme, Wiese el Oo oe 48 
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PARIS STATION.—Concluded. 


18 
Ma vn Guseseae Sarre crest pes MO ee eects 47° 
1a ace ae eRe BAe Rael ely Cok See sk 48 
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CHARLEVOIX RELIEF STATION, : 


Temperature of water during whitefish hatching season from the time the eyed eggs | 
were put in the jars, February 17 to April 25, 1895, 


1895 

LEME) a eine bres He Mh Saree tect ela ut Meh Bail SNA GR Rear ag at wy - 33° 3] Mar. '28-oR ois fuori 84° 
OATES RRND A tai Sin RN SE en Per uy pe ne 3346: Apr) 122082 ee ae 35 

Pieri Nib Uy ANS NE ANTE SER a tales OPPS rae ne ety Went Maleate | 33 a eS 34. 

WB y aeeea Retz diakal Gas i) MNES RIN ee i ian Ang Ny cores 32% Bee a 85 
FST PAL taco ESA at OI aa A te PR Ee a gly Rue NEE: 33 Ga14 eo ee ee 36 

1 ESE Ba a mR eens Da eiaeee ewe) 8) 34 bbs b; Ra RNA en 28 
1A AEH NOU NS i ARE AUD RRs ema ME NN pee 2 33 WQS OD es SU Se 39 

PI Ope aU ta) auAA he RU ve ket LO IOP ka ee A DOr Oa \ Mlk ei) CRS rr 40 


CHARLEVOIX RELIEF STATION. 


Temperature of water during whitefish gana season from November 15, 1895, to 
April 28, 1896. 


895. 1896. 
INO el UT eit SU ie eo I 44° | Jane 19-14 2552 oR Pa 32° 
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(elt Oe Oi renee MCG te hep bae Nyse Tou LA, 42 DA PG ol eh see 84 
PASTIELO GONE ORR PAPUA RMS De Cre ats OPERAS VL oe 41% 2TH 29 hc 2s es 33 
PS SS MAM NEBR. TREN eet yet lr Ot Ld ee 41 Mar,» 1-200 2 Ue ee el 33 
Rakai Reet Ne PORE ket dere ace a oe 40 B02 34 
DCs i SUB ee re A ihe eh Ce aE 40 6-12.) se RO 33 
1 SR et eR ee ae Rate Khe Abela er Coadcy atl) fia ar 38% VB=15 a eS ke 34 
Be Gi k Sos ie eat Peet PO noel ee al Op aE 38 16-18 6 oe Oe 33% 
‘ofa’ JA aed dy tama Ae Ue Crane MMS UMW Sheet Be ei oa 37 19-22 so eo on eh ee Sone ee 
1 KOs baie ne eet pu NING gant RCI ED alg! 38 23-81 SoC i 
LBP) SS 2 RN a ae ae ne ee 36% | Apr: a2o ee eo 351% 
1 a) Af POR UMD AOR BaD ae MNCs A ENN eT Bd 36 3-8 Seo 0 Se ie 36 
LS 1G alt Sele RLS eh, Se i a Se ee ay Oe eee OS ne ee 35% 
PRIA eh niae ieee ne cota t Sor le Qe 38 TQ se ee a ee Lg 
7) Hela eeA aM UPTON ep en ONY ho NT NBs 0 ST li oes Be A aes, NCE SU te 36% 
A OAS ih NON SORES Sve ag gine MI une naa 36 DRA ee IE or Ne a 38 
75 ond Hepenla AD aa ene ey em nee | Cn) NTL ae 35% 16-17 ee eos Rel ee 39 
ERE i aS | RG aA ae TH 35 ) FEA | ee eg ea el eer renee erle Mele a EEN as 
7a ters 8 pd NED Hem OU UE NUNES UCL NIC NT Bad a) 36 QO fae OR a 39 
Be Aoi at a ak gs TAL ea eg aan Oe 35 V3 ee EMM Mmecee Re LE ei) 
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SJE sti Es aan pe iin. aac bg ote oh 34 Bh ee eT eG es 39 
x: tit A ta MUM DeN Ecce cok OT Ser i tN esa) 5 33 25-26 mea ae ee ee 40 
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e 
INSURANCE. 

(eee bravia ee re SOM oe Weta ge. oe fon cea po auh ansiosesagsaccona cs satan eeecue ed n- $2,000 00 
OMAntoMma ticihatcningmars mOtTOLG+ =o.) ole. ot eee oa el ae ae 1,600 00 
Oya Layee sP rebar ra oem WG Raped lo | BRE SIS MRE aPC NO ge IE ASS Oca PL aes ae ton ny ga oh Ca 2,500 00 
On troughs and equipment ______-.__-_- AN RDS oe ge Seen 5 pls 2 ee a eng Ur) Sa a RE C3 od ay 650 00 
nn were eS Ope Mp aS a ke ee RI oe a teen Ne A Pam pen Eg naan DL 125 00 
NAO VOCSEOIAa CWE LLET Cua GRE ATT See eee so ee eee ee ek 1,000 00 
TEOMA CCHOLVEDUL UCLA Me ATT St ie oe ee ee ee ee ube pee cecebeuenk aces 500 00 
QCOPAGA Tor bOXGS BOLO meme or as oe ee yee oe eke Re 200 00 
Oniixtures/‘and' toolgame es 0 et bd bt ah citi Rh WANT eu etd Ee ee AT wed teh eT aie 100 00 
OMG plo veswa walling taris mess eerie ce Lee ue re ay ae sce ee 400 00 
OnoRen Ate alice een epee mee ben it PE UR ee SU ee a ee 100 00 
OCNEWASONEr AN GEN ArGSAie GEA TiS Mie etcetera a PT Ok ON aA Be eee ye es 50 00 
OnoLulc sbosMarteniatcnery DUllding. 90-22. usec ce a aL es 4,000 00 
ren ie ae er Ce LT ee oe lute dues wosementens 500 00 

AMET ML ty ee pel ie al al ns Ie a A Sa ae ge RA ae er $13,725 00 

SUMMARY OF INVENTORY AUGUST 1, 1896. 
- 

IDODEGLUS UR UIOL Eee eee aero ne fem t YT ee Ui bh eee Ae $15,839 92 
NEES CA D1 Ol Meee een Le ote Mur yh Latah etalk Seah ia nel ate Da i 2 on ed 19,622 65 
ATES LOM NLATIONS LG GION remem eee hi MRR LO el INL) Sea ae Ss ee ee 6,191 37 
res ir eee eat Ba OO OE Oa AL A ee UL eek 245 71 
ere eT Ean eee Mee het) i Re Bie ae es a 955 35 
Co Toe ip SL a SLE TO Te a ee ey 4,279 39 
CHEE OTIS GERACE ee oe ek ee ee 235 00 
IOC TALE LUscICll Tc O peeeeneenE ees MEL Nits RN SR aN Thre ee MIP he a ee ee ky 586 97 


Whose ke a OU UR eae ce ee a ee ee $47,956 36 
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FINANOCIAL STATEMENT. 


1894. 
Oct Overdraft.s. yucca eee Ue eee Bowes ene ae cc ee $1,434 48 
From State Treasurer during quarter ending December 31 ___..___-- $12,225 00 
From other sources 222 200) 20 Rea eee an nel ang a 2,840 24 
Vouchers paid during quarter cee ere Mei Ue ie eee Ween nee NL i elaine SOO 13,627 87 
Dece BU .cf Balance ob be Te ie Tea ge as pe A Rs ae 1 WRN BY ONC pe 2 89 
$15,065 24 | $15,065 24 
1895. 
Dame Pe Cash or: Ham 225 yh 2 ks wei Da ate CET Tis Sa ak ed a ep Re $2 89 
From State Treasurer during quarter ending March 31______.___.___- 9,450 00 
From other'sources 22/3) el ie sale a een a Ae i a ee ee 24 57 
Vouchers paid during QUarter eee rg LOO Uy esa 2 a ee $5,640 12 
Mari 3102.) Balance ee yes ere I eNOS) OR od 0 an de Sa, ae nce a rae | eS mea 3,837 34 
$9,477 46 $9,477 46 
Aprile Cash on) Hand 2.0 DS Si Cea Ne ee TAP Lea De eae a nOaRN an aetna $3,837 34 
From State Treasurer during quarter ending June 30______-___.___._- 2,000 00 
Vouchers paid: AuUrims mar cer ee iia an gt SL sol i papa aul cee $5,531 78 
June 30. 5| Balance osc Ge el Oe VCR STENT ana i An aR ee 2 ee ec URE Re oe ee 305 56 
$5,837 34 | $5,837 34 
July 1 j28 Cash on? ards eek eB DR RE tee ce eg EN ates ec) ed eS $305 56 
From State Treasurer during quarter ending September 30_________- 11,750 00 
Vouchers paid: Gurimg Guar cer is eer Sa AIA TI gil ica Pe Me) | eta $8,715 79 
Sept, 90... Balance ii) kOe an UTD NP OR Rg RN ELA Lary Nae AU ee ea 3,389 77 
$12,055 56 | $12,055 56 
Oeted oy Cash Orn bear oi i a ees aca at le Og NST RO $3,339 77 
From State Treasurer during quarter ending December 31______-___- 6,875 00 
From other-sonreesic 2 ee a a eee ia eee 3,250 22 | 
Vouchers paid: during Quarter.) 22i eee iar ul) ere ON eee nee eR $13,027 84 
Dee shoe) Balance ee 0 UT A TNs ME oN Elias iN sey ata Re eas v CU gt ec ene eee 437 15 
$13,464 99 | $13,464 99 
1896. [7 ral 
Janse Gash’ orn Tear 22 200 see Ue aT Re ENTIRE $437 15 
From State Treasurer during quarter ending March 31--___-_-__---. 11,875 00 
Vouchers paid ‘during quartet Ugg et ice $7,787 73 
Mare 302067 |» Balance 2) ts i ia Sa aL at Se RRO Te 4,524 42 
$12,312 15 | $12,312 15 
Aprile! Gash on hand gis CO ee eee eS | eC $4,524 42 
From State Treasurer during quarter ending June 30 _--_____-__-_-- 6,875 00 
Vouchers paid during quarter 2000) rile ee $6,956 80 
June 302...) Balances. 0200 2G ye I aE STN OST ae et) a 4,442 62 
$11,399 42 | $11,399 42 
OMe Le Cagh on hand joo ile ei 0 I EAD ae BE als aan eR Ben hanna pa $4,442 62 
From State Treasurer during quarter ending September 30_-._______- 6,875 00 
Vouchers paid during quarter 222246 72 a es i ko eee $6,827 99 
Pept, 30....| Balances. i Pe ET RUS lee es Ae 4,489 63 


$11,317 62 | $11,317 62 


eee Game yo OR PH RISH | LN Pee 
| GREAT LAKHS, 


BY PROF. H. B. WARD. 


[Fromethe Nebraska Literary Magazine, Lincoln, Neb., November, 1895. } 


When the early settlers made their homes along the shores of the 
Great Lakes, the waters of these inland seas teemed with fish. A cheap 
and apparently inexhaustible supply of food lay within easy reach, and 
they drew from it unstinted, nor was it strange that, with the increasing 
population and ever-widening means of communication, delicacies so 
tempting as the whitefish and lake trout were eagerly sought after in the 
markets of the neighboring cities, and that the ingenuity of generations 
of fishing folk was taxed to invent means of securing the fish—until 
finally, in the face of a growing demand and of improved apparatus for 
trapping the fish, natural methods of increase did not keep pace with the 
draft on the supply, and lake fish began to grow scarcer year by year. 
Artificial propagation had been tried in Europe, had proved a successful 
means of restocking depleted streams and ponds, and the newly founded 
fish boards of various states, charged in at least one case, Michigan, with 
the especial care of the whitefish, sought to perfect methods for hatch- 
ing whitefish eggs. They were confident that therein lay the remedy for 
a great national calamity that seemed fast approaching—the loss of a 
food supply which, on the one hand, in its capture and distribution, gave 
employment to hundreds of men and vessels, and on the other furnished 
a cheap and agreeable supply of food.to a large part of the central 
United States. But the methods which were so eminently successful in 
other instances have failed of final success in the Great Lakes. The 
annual catch of whitefish seems to be on the decline in spite of large 
sums spent by State and national fish commissions in hatching the fry 
and distributing them in the waters of the lakes. It has been a keen dis- 
appointment to all interested in fish culture that more immediate and pro- 
nounced results have not followed the extensive yearly plants of the 
fry; and some have attempted to explain the apparent failure on the 
ground that the present destructive methods of fishing effectually forbid 
any increase in the number of fish. They have, therefore, called for 
more stringent legislative regulations concerning methods of fishing, and 
for increased activity and artificial propagation. On the other hand it is 
evident that existing methods of fish culture may be open to criticism, 
and that the remedy as well as the fault must be sought here. 
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In an address before the World’s Fishery Congress at Chicago in 1893, 
Professor J. E. Reighard says on this point: 

“Tf we inquire into the facts concerning the sufficiency of the present 
methods of artificial propagation, we find that so far as concerns the 
whitefish there is no question as to the success of the earlier stages of 
the process. Several hundred million ova are taken annually and placed 
in the hatcheries, and of these usually from 80 to 90 per cent are hatched 
and placed in the waters of the Great Lakes—165,000,000 in Lake Erie 
alone in 1888. 

“This is very nearly all that is known about these young whitefish. 
About their food habits we know only that in captivity they eat cer- 
tain species of Crustacea. Whether in their natural habitat they eat 
other animals in addition to these Crustacea, or in preference to them, 
we do not know. It is uncertain at what age they begin to take food or 
how much they require. We do not know their natural enemies. We 
do not know whether they thrive best in running water or standing — 
water, in shallow water or in deep water, whether at the surface or near 
the bottom. What changes of habitat or of food habits the fish undergo 
as they grow older is still a deeper mystery. . 

“Our problem is to place young whitefish in the Great Lakes under 
such conditions that as large a number as possible of them shall grow 
into adult fish. It is clear that one of these elements in this problem, 
namely, the whitefish, we know but little. ! 

“What, then, do we know of the other elements of the problem, the 
Great Lakes themselves? Individual naturalists have made efforts from 
time to time to study one or another of the groups of animals living in 
the lakes. These efforts have been always circumscribed by the facili- 
ties at hand, by the time that could be devoted to the subject, by the 
small area examined, or by the small number of animals taken into 
account. Although much excellent work has resulted from these efforts, 
it remains true that there has been thus far no attempt to secure an 
accurate knowledge of all the conditions existing in any one locality, and 
no attempt to study exhaustively a single group of animals and plants 
of the lakes. We are still at the beginning so far as concerns a knowl- 
edge of life conditions in these lakes, the conditions with which we sur- 
round our young whitefish. If we could assume that the conditions are 
uniform over the whole area of the Great Lakes, then since the young 
whitefish are natives of these lakes, it might be a safe conclusion that 
they will find the conditions in one locality as well for them as in 
another. But there are no facts which support the view that the condi- 
tions are uniform over the lakes. 

“We are thus in the position of bringing together under unknown con- 
ditions two things, both of unknown character, and we expect as a result 
to get a third thing—marketable whitefish. Should we not pursue our 
object more intelligently by first determining the characteristics of the 
materials with which we have to work?” 

For ten years the Michigan Fish Commission had been carrying out a 
systematic investigation of the inland lakes of that State and had col- 
lected most valuable evidence on the biological conditions in these 
smaller bodies of water. The results of this survey, even as yet incom- 
plete, have been immediate and invaluable, and it was a natural step 
when, under the advice of Professor Reighard, it was decided to extend 
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operations to the Great Lakes themselves. In the summer of 1893 a 
scientific laboratory was maintained on Lake St. Clair, and, under the 
. guidance of the director, Professor J. E. Reighard of the University of 
Michigan, a party of six specialists devoted two months to the study 
of the life in the lake. In 1894 Charlevoix, on the northeastern shore 
of Lake Michigan, was selected as a site for work, and owing to the 
absence of Professor Reighard in Europe, the writer was placed in 
charge. 

Lake St. Clair has long been famous as the spawnite ground for the 
whitefish; it is comparatively shallow, having a maximum depth of but 
a little more than six meters, and is of limited area. Both inflow and 
outfiow are very large, and in fact the lake constitutes hardly more than 
a Slight enlargement in the course of the stream connecting Lakes Huron 
and Erie. , 

In the waters of the Charlevoix region whitefish are caught the year 
round, and Lake Michigan has an area of more than 23,000 square miles 
and a maximum depth of 870 feet. It is estimated to contain at least 
one-tenth of all the fresh water of the globe. On the other hand the 
inflow and outflow are so inconsiderable in comparison that the volume 
may be said to be stable. Furthermore, the amount of shallow water is 
meagre, the area included between the shore and the ten-fathom line 
constituting hardly an appreciable amount on the chart of the lake; and 
yet this depth is more than two and.one-half times the maximum of Lake 
St. Clair. The shallow area being thus limited, there is a relative scar- 
city of the larger plants which are found only in areas of limited depth; 
and the development of the strictly littoral forms is further hindered by 
the storms which subject the shore to constant change and prohibit on 
it any permanent plant growth. 

It must also be remembered that light and temperature decrease rap- 
idly with increase in depth while at the same time the pressure to which 
organisms are subjected increases with equal rapidity. Hence, the con- 
siderable depth of the major part of the lake affects very markedly the 
‘conditions for existence. In these respects Lake Michigan affords a 
strong contrast to the ordinary inland lake, while it is on the other hand 
a typical representative of the great inland seas. Similar conditions 
hardly exist elsewhere in the civilized world. It should be remem- 
bered that the work of European investigators has been carried on in 
lakes of comparatively limited area and depth, and that results char- 
acteristic of such conditions ‘cannot, without further evidence, be 
extendéd to the larger bodies of water. 

It must be noted that the question of food supply for the fish is pecu- 
liarly unlike the similar problems in agriculture. The food animals 
which come under our immediate attention are almost without exception 
herbivorous. The supply of food is drawn directly from the inorganic 
material in earth, air, and water, through the single intermediate step 
of the grasses, grains, and various forage plants. The chain of biological 
relations in this case is short and simple in its main features. Further- 
more, constant and careful study by many workers in scientific institu- 
tions and on experimental fields has done much to explain the details 
of the process. The preparation and enrichment of the soil, the develop- 
ment of the seed, the growth of the plant, the dangers that threaten it, 
the diseases and pests that attack it, its protection and improvement, are 


120 TWELFTH REPORT—STATE FISHERIES, 


all subjects of continued investigation. On the other hand, the pisci- 
culturist has had no such aid, and, worse than that, often does not know 
even the immediate food of the fish or its amount and distribution, while’ 
concerning the more remote questions he has hardly thought to ask for 
their solution. In fresh water there are few large plants, in the Great 
Lakes a still scantier amount. Among all the fish there are none that 
depend on these plants for food supply; they are purely carnivorous. 

In the light of the universal dependence of animal life upon plant life, 
one of the most fundamental questions for the fish culturist is the primi- 
tive food supply of the lakes in its character, amount, and distribution, 
since on this evidently depend the possibilities of fish culture, and with 
variations in it are connected necessarily variations in the number of 
fish. Unless the primitive food supply be abundant at the present time, 
all efforts to increase the number of fish will be only partially successful, 
and, unless the food of the fry is to be found in sufficient quantities in 
that locality when the fry are planted, the maximum number can never 
attain to the adult condition. The subject is too large for the limits of 
one paper or of a single series of investigations. Here I desire to present 
some results drawn from the work on Lake St. Clair and Lake Michigan 
with reference to the general question of the source of the food supply, 
its character, amount, and distribution. The more particular question 
with reference to the whitefish has been discussed elsewhere. 

The source of food supply is not to be sought in the streams flowing 
into the lake. The amount brought in this way constitutes not only a 
very small part of the total volume, far too insignificant to be an impor- 
tant factor in the question, but it is furthermore chiefly inorganic matter 
in suspension or solution which is contributed from this source. The 
very limited development of bottom flora precludes the possibility of 
considering it the source of food supply, and the barren character of the 
littoral zone shows that from it is derived only inorganic matter by wave 
action. From the atmosphere comes in the rain much valuable material, 
but here exclusively inorganic. It is clear, then, that the primitive 
organic food material does not reach the Great Lakes from some source 
or other apart from them; it must be sought in the water itself. 

If at any point in the clear, free water of the lake a net of finest mil- 
ler’s gauze be lowered to a depth of a few meters or more, and raised so 
as to strain the water and collect whatever may be present, it will be 
found on subsequent examination to contain numerous minute organ- 
isms, plant and animal, in varying quantity. It matters not whether the 
place of the experiment be near the shore or distant from it, in shallow 
or deep water, or whether the net be lowered only a short distance or to 
the bottom; there will always be obtained a certain quantity of life from 
the water, varying in amount with different circumstances. All the 
organisms obtained, both plant and animal, are characterized by their 
minute size, and are evidently unable by their own powers of locomotion 
to influence materially their position in the water. The environment to 
which they are subject is the result of external agencies and cannot be 
modified by their own efforts. They do not seek the bottom or the shore 
for rest, but remain always floating in the open water. All such forms 
together constitute what is called the plankton. Near the shore the 
plankton is corrupted by the addition of migrants from the littoral fauna 
and flora, and in proximity to the bottom some additions come to it from 
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the bathybic (bottom-living) forms; but throughout by far the greater 
part of the water the plankton is found unmixed with other elements. 
Although present in small lakes and ponds it is more characteristic of 
larger bodies of water, both fresh and salt. In fresh water the fish alone 
invade its territory, and yet there are few fish that depend upon it 
directly for food. But the biological relations will be clearer after a con- 
sideration of some of the widely different forms of life included under 
the term plankton. 

Four elements constitute the plankton of the Great Lakes, the unicel- 
lular plants and animals, or the Protophyta and Protozoa, the Rotifera, 
and the Crustacea. The number of species of each which are found in 
the plankton of the Great Lakes is limited, in fact not more than half 
as many as can be had from smaller bodies of water, but each species is 
present in an enormous number of individuals. Kellicott has calculated 
that of a single protophyte (Stephanodiscus) eight tons pass daily from 
Lake Erie into the Niagara river. 

These forms together constitute the primitive food supply of the water, 
and the Protophyta are the fundamental element. They fioat in a nutri- 
tive fluid; the water of the lake which holds in solution inorganic sub- 
stances obtained from the air, water, and shore, and brought down by 
various streams. In common with other green plants, they are able to 
manufacture out of this inorganic matter living material. Leuckart was 
the first to point out that since chemical action proceeds most rapidly 
where the proportion of surface to volume is the greatest, these organ- 
isms are peculiarly adapted to rapid growth. And since with them 
reproduction is clearly growth beyond the limits of the individual and 
consequent division into two organisms, under favorable conditions of 
light, temperature, and so forth, generation follows generation, with 
extraordinary rapidity, myriads are produced and are destroyed in every 
moment. These Protophyta of the plankton are then the actual ele- 
mentary food supply, and all other forms of the plankton as well as all 
higher forms are in last analysis dependent upon them. 

With them, however, may be included in the primitive food supply the 
other elements of the plankton. The Protozoa subsist in general on the 
Protophyta, the Rotifera are dependent upon both, and the Crustacea 
make way with whatever falls in their way. This last group usually pre- 
dominates in the plankton, constituting in most cases by far the larger 
part of the entire volume. It is also the immediate source of fish food, 
serving directly as the food of the fry and rarely of the adult fish, also, 
as in the case of the lake herring. Of the adult food fish the trout are 
piscivorous, subsisting on the herring and smaller forms, while the food 
of the various species of whitefish consists of bottom forms, such as mol- 
lusks, insect larve, and crustaceans of medium size, all of which are depend- 
ent upon the plankton for their food supply. 

The fundamental position occupied by the plankton in the series of 
food relations in the Great Lakes renders it in the highest degree advis- 
able that its quality, quantity, and distribution be accurately determined. 
The method employed in obtaining material for this determination is 
peculiar. In the case of ordinary collecting a net is towed behind the 
boat for an indefinite d¥stance and only such part of the “catch” is util- 
ized aS may be convenient. Here the exact amount, and the volume of | 
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water from which it is taken are necessary factors in estimating the 
relative fertility of the water. The boat is brought to anchor, a net of 


peculiar construction is lowered to the bottom, and after a moment 


hauled vertically to the surface. The time consumed in the haul is 
recorded, as are also the depth, temperatures of air top and bottom, and 
if possible the character of the bottom, the condition of the sky and 
surface of the water, and the amount of current, if any, that exists at 
this point. At each point a number of hauls are made from varying 


depths, and the total amount of material obtained in each haul is pre- 
served and bottled so carefully that the loss is very small. The error 
is always negative, however, and the amount obtained can be greater 


than is present only if foreign matter be included, and this-is easily 


detected by the microscope. The material thus collected and preserved 


is retained in alcohol-filled vials for future study. 
The ordinary method of estimating the volume is to place all the mate- 


rial from a single haul in a long graduated tube closed at the lower end, 


and after twenty-four hours of settling to read the volume in the tube as 
exactly as possible. It is evident that a very loose flocculent plankton 
will settle less rapidly than a denser mass, and that both will show irreg- 
ularities rendering the reading hardly more than an approximation. 
This volumetric method is thus somewhat inexact, but probably correct 
within reasonable limits. It has the advantage of comparative rapidity, 
and since the material remains under alcohol during the entire process 
it suffers no injury. The gravimetric method, advocated by some inves- 
tigators, consists in drying and weighing the entire mass of a plankton 
haul, and this is held to be more exact than the previous method. Great 
difficulty is found in weighing just at the time when all the external 
water is driven off, but when that which enters into structure is retained. 
The fatal objection to the method is, however, that the material when 
once dried is useless for further study. I have proposed a combination 
of the two methods which will be valuable in certain cases, but in gen- 
eral the volumetric is no doubt sufficiently accurate. 

The qualitative determination of a haul may be made by a method of 
approximation or by enumeration. In the first case the plankton is 
poured into a very shallow dish, and the observer estimates the percent- 
age of each species present. Such a procedure gives but a very general 
idea and evidently depends entirely upon the judgment of the observer. 
In the other method the total amount of a haul is diluted with alcohol 
to a fixed volume, then thoroughly shaken up and three small tests, of 
1 cc., for instance, removed at random, spread upon a ruled plate, and the 
number of each species actually counted under the microscope. By 
averaging the three sample tests and by multiplying the result the total 
number of the species found in the haul is estimated. The amount of 
labor involved in laboriously counting for each of the twenty to one hun- 
dred species in each plankton haul is enormous, and yet for the deter- 
mination of the relative importance of the various elements it seems to be 
necessary. For the plankton of Lake St. Clair and Lake Michigan this 
part of the work has not yet been done. 

One further process is necessary. The results of the calculations just 
described are characteristic only for the particufar net used and at the 
actual velocity, and it is necessary to express them in some more gen- 
eral terms. This may be done by multiplying by a correction such as to 
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give the amount of plankton under one square meter of surface; the 
result will be the total amount contained in a column of water one meter 
square with a height equal to the depth of the haul. If, now, this be 
divided by the depth of the haul, the result will be the average amount of 
plankton per cubic meter of water, or the relative amount at the place 
and time of making the haul. 

In Lake St. Clair there were made twenty-seven bottom hauls, two 
from each station except the first; the amount of plankton per cubic 
meter of water obtained in each haul is in the following table: 


NO. OF STATION. I aT IIr | Iv Vv WE) VEN ELE | ex ee PT PNG SVs) XS VE AVe 


1.8 
cubic centimeters per 2.68| 3.89] 2.01| 3.62] 3.08] 3.69] 3.01| 2.39] 4.15] 3.97] 3.31| 2.4: 


Volume of meters per 4.97| 1.44] 2.76] 2.01] 2.74| 2.29] 3.69] 2.70] 2.54| 4.15! 4.79] 3.60 
cubic meter of water- 


From Lake Michigan, near Charlevoix, eighteen bottom hauls show the 
following results: 


NO, OF STATION. I | 11 | IIL} IV} IX] X | XI | XII} XITIT| XIV} XV | XVI/XVII| XVIII} XX | XXI| XXIT| AV. 


Volume of plank-) 


ton ers pet cubic | Soa a 2.70)4.91/4.46/2.01/1.52)5.68) 4.77/8.16)5.34/5.38) 1.23} 2.49/2.68/4.03) 2.41/3.69 
.20 


or 


meters per cubic 
meter of water.__- 


In Round and Pine lakes, two connecting inland lakes which have 
immediate and free connection with Lake Michigan at Charlevoix, the 
‘following amounts were obtained in nine bottom hauls: 


NO. OF STATION, ivi wal VIL | VIII | XXIII} XXIV} XXV |XXVI| AV. 


Volume of plankton in cubic centimeters per) | 2.88 | 2.28 | 3.14 | 5.84 | 3.96 | 6.88 | 3.17 | 2.34 | 3.97 
cubic meter of waters..__........-....------- 5.27 


Sars ee ee ee eee eee eee ee 


In comparison with other lakes which have been measured in Ger- 
many, all of these are very poor in plankton, Dobersdorfer See, contain- 
ing, for example, as much as 62.1 cc. of plankton per cubic meter of 
water. And yet the small amount which is present constitutes im toto a 
tremendous mass. The estimated volume of Lake Michigan is about 
7,434 millions of cubic meters, and if the average of the lake contain an 
amount of plankton only equal to the least amount in any bottom haul 
at Charlevoix, it would make a solid mass of plankton in the entire lake 
of over eleven thousand cubic meters. 

The distribution of this mass is of the greatest practical moment in 
fish culture, and here are contained in fact three problems: (1) seasonal, 
(2) areal, (3) vertical distribution. It is evident that only long con- 
tinued observations in the same region can throw light on the question 
of seasonable distribution. Studies on lakes in Holstein are the source 
of our present knowledge; they show a minimum in February and a 
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maximum in September, connected by a variable line of increase and 
decrease. The results of consecutive years exhibit marked differences in 


the extremes, both as to time and amount, and yet there is a general — 


agreement in the increase of life with rising temperature and decrease 
with the lowering of the same. 

Areal or horizontal distribution must be determined by comparison of 
observations made within a limited time, since throughout the year there 
is, aS already explained, a progressive variation due to other causes. 
The series of hauls made at St. Clair and Charlevoix are peculiarly 
adapted to throw light on this question, since each series falls within a 
period of less than two weeks and both were made also at about the same 
season of the year. The results of the work at Charlevoix, which cov- 
ered the greater variety of conditions in depth, distance from shore, and 
number of hauls, are represented graphically on plates I. and Il. Each 
vertical line represents a station, and on it are set off on plate I. the 
depth of the haul, the total volume, and the volume per cubic meter of 
water. By connecting similar points, lines are produced which represent 
the changes of these elements from station to station. The various sta- 
tions are arranged in order of depth with the shallowest at the right so 
that the dotted line of depth (D) continually descends toward the left. 
Considering first the conditions in Lake Michigan (1 A ) it is evident that 
the line of total volumes (T) shows a rapid increase at first, then a 
region of uncertain fluctuation in which the greatest variation (xIx) is 
undoubtedly due to the presence of foreign matter,* and finally a second 
decided increase with the sharp plunge downward of the line of depth. 
Compare these two lines; the total volume increases at first more rapidly 
and in the last half of its course less rapidly than the depth. The line 
of relative volume, i. ¢., volume per cubic meter of water (R), steadily 
ascends towards the left. One station alone (x1x) excepted, it swerves 


but little from the fine dotted line which connects its two ends and: 


which may be said to indicate the average tendency: Compared with the 
line of depth it is clear that the relative volume decreases steadily with 
increasing depth of water. On plate I. B are represented in the same 
way the results of a smaller number of hauls in the two inland lakes of 
the Charlevoix region already mentioned. An examination of the lines 
shows that the principles already demonstrated for the great lake hold 
true in general here also. It may be that the more limited environment 
of the smaller area and shallower water introduces other factors and 
gives rise in this way to the apparently greater irregularities in this case. 
Comparing the results from Round and Pine lakes with those from equal 
depths in Lake Michigan (I. A ) it is evident that excepting the two shal- 
lowest stations, the great lake possesses a much larger amount of plank- 
ton. It is an interesting indication of the limited food supply in Pine 
lake, especially that very few fish are found in its waters while adjacent 
lakes are well populated. 

The table of bottom hauls from Lake St. Clair, given on page 115, is 
strong evidence that at the same point the amount of plankton to be 
obtained at any time is comparatively uniform. Two bottom hauls were 
made at each station after the first. These two were separated by a con- 
siderable time interval. Now, if the plankton were massed in so called 
“swarms,” it would be altogether probable that the two hauls would in a 


*The fine dotted line from XVIII to XX represents more nearly the true volume. 
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number of cases be decidedly different in amount according as they 

included a swarm or only the more barren interspaces. But the table 
shows that many of the pairs agree exactly, and that ninety per cent of 
them do not differ from each other by so much as one-fifth. Again, 
among the hauls in Lake Michigan (Plate I. A) there is only one, XIX, 
which shows any considerable difference from those made at equal, or 
nearly equal, depths, and this one, XIX., owes its extreme volume, as 
already mentioned, to the presence of a quantity of foreign matter (sand) 
carried into the net by some accident. This evidence may fairly be 
regarded as establishing for the same body of water the principle of 
equal amounts of plankton at equal depths. 

In determining the vertical distribution of plankton, two methods are 
possible. A closable net may be sunk to any depth, opened, drawn up 
a given distance, and then closed and brought to the surface. The 
amount of plankton included is, then, that which was in the part of the 
water through which the net passed while open. Such a method 
would be the most exact, but closable nets are more difficult to manipu- 
late and sometimes unreliable, so that the method of subtraction is more 
often employed. At each station hauls are made from a series of depths; 
2, 5, 10, 25, 50, and 100 meters were the artificial strata made in the 
Charlevoix work, each series being concluded or interrupted by a haul 
from the bottom to the next higher limit. By this means the following 
amounts were obtained from Lake Michigan. The figures represent in 
all the tables cubic centimeters of volume: 


INO} Gf stations: coe eee ace Ix x XL XETL |) OV XVI | XVII | XVIII] XIx xx 9 @: CONS 0-6 tt 
Ai RUTLACO! 2 Sees nas ee DOeeeLoeonieae neo. | 20.0 | okrer| 2os4 | 2O.d-) 20.0 de. | coe. Tiree 
Bim-surface 25600 2g 402751526.3)) 20.0 |-41.6 | 31.1) 42.4) 44.4 ) 33.7. |°384.9-| 81-7 | 85.1 25.0 
HOM SUriaCe oe le 54.7 | 47.8 | 66.6 | 79.6 | 58.4 | 80.9 | 88.7 | 49.2 | 58.8 | 49.6 | 50.3 49.4 
Shine SUTTACO ss) ee eee es 187238 1796.8) 1115-5) 1169.2 foe 126.3 |159.3 | 90.1 |118.5 | 82.9 | 88.7 15.8 
5Om.-surface-2-.- 4.22228. 116.0) |106.8 |157.8 |148.2 |... |. --. 179.2 | 89.6 2 LIO SE ees 101.4 
BOGLOManITIACOL se oe (eee ee LOL: Peewee ion oes ee ee 168.0 


Depth of bottom haul in 
THOLET Rees te were ee BP es 26 53 111 30 10 23.5 |130 36 36 41 22 42 


By subtracting consecutive hauls at any station the amounts in the 
several artificial strata are.secured. 


Nonotistation. .22iesie ky se Ix x XI | XIIE| XV | XVI | XVIT | XVIII] xIx | xXx | XXI | XXII 
Au BUITACe. 6.5.52. 222 AeA GAMES |) 2aalels corse ideo. ool else: | eosk 20.8 Toor’ | aS. oupedue Lint 
Ly ear Fy Se ae Oe EL aE eae .S AS s2Nedoceeles Doe 10.2) 1421 On 4 1 92,9332 (11.9 7.2 
Opreeos ere oe. e eure ee Haro iezivo | old.) oo.On) 22.0) | 06.0 144.3 | 15.6% 23-9 147.9 | 15.208 244 
POMEe LOS net ys Sul 3) SL eS 62.6 | 49.1 | 48.9 | 89.6 |_____- 45.4 | 70.6 | 40.9 | 59.7 | 33.3 | 38.4 | 26.4 
UO 45)-5 06 ea a mimenetO ON 4a.4 \—cbek Woe). | oe oe. 19.9 | -0.5 Ve AIAN ike a 25.5 
OURO NO 4. ss RE SRB TC). ge ret Ta ARN ee 18.8 


Dividing the amount in each stratum by the thickness of the stratum 
in meters, the result will represent the amount of plankton per cubic 
meter of water in each of the artificial strata. 


é 
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No, Ofstation soo. IX ae XI} XIEE | XV |X VE [EX VIL | X VIED XE XX Aye 


2 -SUTLACe sae eneee 9.7) 9:2): 1103) 44.2 12. 7) 18 68) 1177) 13 1229 Ou an G aeaon meee nes 
RTS UN ede er ote ToL) 2.6] Aa A AN OOS uA FO) oi 2h, Bin |S SM eee ce 4.8 
10m y=) IM ee ees 2.81 4.3) 6.385) TON a eT Tee Seo) Sd ie aS rs Games On ieeeee Dil 
25 m.-10 m. __ v £2 SES Se Seoul Gn On pees S50 V4 Ta) 259) 405) eZ eee Gere 3.2 
Om =25 nee ee ere ears al eee 0 er: ali Wey fo ca 22 ey ng 0.8 | 0.0 2 BW fat eh ni 1.5 | -0.1 
Bottom=sOpm ewes ey ae eee (Fay beans Sn BS lg Teoea ean A =O02 Jose eo Ua eee ee 0.0 


These results for Lake Michigan are expressed graphically in Plate 
II. A; the other part of the plate (II. B) shows like results from Round ~ 
and Pine lakes. The line of depth (D) is the same as on Plate I. The 
amount of plankton per cubic meter of water in the surface stratum, as 
shown by the line S—S, is far greater than that in any other stratum. 
The amount is variable; and its fluctuations seem on comparison of the 
lines to be independent: (1) of the depth, (2) of the total volume, (3) of 
the time of day,* (4) of the temperature of the water.* 

It may be that the variations in the amount of plankton present in 
the surface stratum are due to the combination of two or more of the 
factors cited; but their independence of any one factor can easily be seen 
by noting the number of cases of opposite trend in the lines. 

) In the work in Lake St. Clair it was also shown that the surface 
stratum contained from one and one-quarter to two times as great a vol- 
‘ume of plankton per cubic meter of water as any other part of the 
depth which was; to be sure, inconsiderable—not exceeding 5.5 meters. 
The same holds true for the lakes in Holstein, and may probably be 
regarded as a fundamental principle in the vertical distribution of the 
plankton. While the plankton is most closely massed in the superficial 
stratum of two: meters, it is still not to be found at the immediate sur- 
face in the day time. A net of special construction was towed just at 
the surface of the water for hours during the trips of our boat at Char- 
levoix and never made a “catch” of appreciable volume during the 
hours of the day; but when towing was tried after nightfall at the same 
depth a large amount was taken. It is probable that a daily migration 
takes place which carries the mass of the surface plankton down a short 
distance in the day time and brings it back to the immediate surface with 
the coming of darkness. 

The three intermediate strata, 2-5 m., 5-10 m., and 10-25 m., possess 
on the average about the same amount of plankton per cubic meter of 
water. The amount found in any one of them varies exceedingly, and 
each has at certain stations more than either of the others. Curiously 
the upper of the three strata (2-5 m.) has, for nearly all stations, less 
than the middle stratum, and only about the same as the lower (10-25 
m.). It is perhaps true that the upper and the lower vary in accord with 
each other in general; their variations are apparently independent of the 
depth or other factors at hand. There is an interesting parallelism in 
the lines representing the surface stratum and that from 5 to 10 meters; 
but for this no cause can be assigned as yet. Only one of these lines is 
above the zero line of the plate, that is, indicates a quantity of plankton 
less than nothing! It is the 2-5 m. line at the shallowest station, where 


* The last two points are not shown on the plates given in this article. 
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this is the bottom stratum. The apparent absurdity of a quantity of 
plankton with the minus sign is one of the minor disadvantages of the 
subtraction method; it is possible only when the minimum amount of 
plankton in a given stratum is less than the possible fluctuations in the 
amount of plankton contained in the superjacent water, and it indicates 
that the amount probably present in the stratum was insignificant. 

‘The lines denoting the intermediate strata lie in all cases clearly 
below the lines of the deep strata, 50-25 m., and bottom—50 m.; the latter 
never equal to the former and in a large per cent of cases the amount 
of plankton seems to be a negative quantity. This is indicated by the 
position of the 25-50 m. line above the zero horizontal at IX., XIII., and 
XVIII. In the case of the deepest stratum, which was present in but 
two instances, the amount of plankton obtained was even more insig- 
nificant. The deep strata are practically without plankton so far as our 
observation extended. 

One question in the distribution of life in these waters which was not 
studied, is the possible existence of a deep fauna, not strictly planktonic 
in character, but dependent in fact upon the bottom, where it rests and 
reproduces, and frequently making short excursions into the superjacent 
water. It would thus be dependent for support on the plankton and 
would frequently be collected with the latter, but would be no proper 
portion of it. 

If this be in rough outline the distribution of the plankton as a whole, 
it will be seen at a glance that this is merely the beginning of the problem. 
The distribution of the whole is no more than the sum of the distribu- 
tions of its many species. In so far as the variations in the volume of 
the different strata, so clearly marked on the maps, are not produced by 
errors in apparatus and method, they are due, no doubt, to fluctuations 
in the location of certain species. Such changes are known to be brought 
about in isolated instances by change in temperature and light; how far 
these influences are operative in carrying an unknown species from one 
side to the other of the artificial limits we have placed in the water, and 
in thus modifying the qualitative and quantitative composition of the 
plankton in any particular stratum—these are but suggestions of the 
many questions awaiting a solution. 

The investigation of plankton problems has only just begun; yet hand 
in hand with these studies goes the practical application of the results 
obtained. It would be impracticable to explain here the light that 
they throw on the probable life of the young fish and the precautions 
to be observed in planting the fry; the subject must be left with the 
mere hint. Already efforts have been made on a small scale at least 
to increase the primitive food supply, and in some small fish ponds 
in Kurope it has met with moderate success. No one can predict the 
possibilities of the future; these studies have made one of its necessi- 
ties evident and imperative. Aquaculture must be given the same sort 
of broad, scientific treatment that agriculture already receives; it must 
be studied from the scientific standpoint, its problems analyzed, its 
course marked out with definiteness. Not until then can it hope to ren- 
der that service to the people which the unequalled opportunity of our 
inland seas makes possible in the way of a permanent supply of food 
at once cheap and agreeable. 
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FISH PRESERVATION AND FISH {CULTURE IN 
NORTH AMERICA. 


BXTRACTS FROM, MR. OSCAR NORDQVIST’S OFFICIAL REPORT 
TO THE IMPERIAL SENATE OF FINLAND. 


After a week’s stay in Put-in-Bay, I went to Detroit, Michigan, the 
headquarters of the Michigan State Fish Commission. The city is situ- 
ated on the river forming the connection between Lakes Huron and Erie, 
and has an extensive hatchery here for hatching whitefish and pike 
perch, which is the largest institution of the kind in the world. Over one 
hundred millions of young whitefish are turned out there in one year. 

In Detroit I made the acquaintance of the energetic Fish Commissioner 
of Michigan, Mr. Herschel Whitaker, who gave me valuable and manifold 
information about the work of the commission, and especially the culti- 
vating of fish, including literature, photographs, etc. 

On my way to Paris I also visited the State Commission’s station for 
the gathering of pike perch spawn at Saginaw Bay, on the shore of Lake 
Huron. Owing to stormy weather just then prevailing, the fishermen 
could not show me the manipulation of the weirs and the other tackle, 
but I witnessed and took practical part in the artificial impregnation of 
pike perch spawn from fish kept there for this spawning purpose. I also 
observed a process to prevent the eggs from adhering by adding starch 
to the spawn after a method invented by Prof. Reighard, by which the 
results of impregnation are considerably increased. 

In parts of the United States yearly statistics of fishermen are gath- 
ered and published. In the State of Michigan every person pursuing the 
vocation of a fisherman on the Great Lakes is bound to furnish a report 
every year by filling out blanks which the commission has prepared for 
the purpose. As this provision, however, does not naturally prevent neg- 
ligence on the part of fishermen, the State Fish Commission employs a 
special agent whose duty it is to visit the fishermen and enforce the stat- 
utes of the fish laws regarding these reports as required. Furthermore - 
the agent is to gather information with all possible exactness about the 
important and precise places frequented by the different kind of fish as 
spawning beds; whether the conditions of fishing are improving or 
declining in particular localities; the fishermen’s opinions as to the cause 
of respective changes; whether the water has been polluted by offal from 
factories or similar refuse, and if so, the resulting extent of injury to the 
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fishery; what propositions or recommendations with reference to an 


improvement of conditions the fishermen might make; in what way and — 


for what period they would recommend a closed season for whitefish; 
whether artificial propagation helped the fisheries and if so, by what 
means such fact had been ascertained; whether there should be any 
restrictions as to the size of nets or meshes; and finally, whether persons 
conducting fishing on a large scale would be willing and able to attend 
conferences for the promotion of the interests of the fisheries. 

In the year 1893 the Michigan Fish Commission established a biolog- 
ical station in Lake St. Clair for special scientific research pertaining to 
the improvement of fisheries and fish culture. This institution is superin- 
tended by Prof. J. E. Reighard, whose endeavors were hitherto mainly 
devoted to the alimentary resources for fish in Lake St. Clair. 

In connection with this scientific work I will also mention the system- 
atic researches of the Fish Commission concerning the results of fish 


culture in the State of Michigan. For this purpose the commission keeps 


special employés. Their duty consists in investigating the lakes as to 
dimensions and depth, the conditions of bottoms and banks, of inlets and 
outlets, the temperature of the surface and ground water and the kind of 
fish that frequent it. These data, together with notes on the weather, 
the exact time of investigation and the tackle used during the researches 
after the different kinds of fish, etc., are entered on printed blanks, 


which contain also a special column for remarks about the most desir- 


able species for stocking purposes. 

In many thousand streams where there were no brook trout it is 
now acclimated, thanks to the work of cultivation. Take the State of 
Michigan, for instance; there the following number of brook trout fry 
has been hatched between 1883 and 1892: 


LS83 cscs esl uly cURL EW coe etme an) lA cule Ee hy accent 269,000 
1884 roe cule ce a eee ee i ae 383,000 
SSB) hicishs' 9) aa te a aaa at sy oe lekate 408,000 
TSS6 cei: bu Bahl y greene ge pele caer ie 719,000 
YG ere OL Uk GN giles 1,090,000 
TSSS a o's orale, Laie ete Gein nh Men msi ate 1,639,000 
L889. cic uae, ee a ea hea 2,468,000 
1890) a cy 2,578,000 
PROM iby ae ae ene A pera ek 2,500,000 
L892 65. scc che eo ea can Ace a 2,252,000 


The Michigan Fish Commission plants the young brook trout at the 
time of absorption of the yolk sac. | 

This work of cultivation produced very satisfactory results. Previous 
to it brook trout were very scarce and only occasionally met with in a few 
streams of the lower peninsula; now it affords good angling in two-thirds 
of all the counties of the entire State. 

The State fish laws absolutely forbid the catching of brook trout in 
any water artificially stocked with it by the State Commission within 
three years from the date of stocking. The enforcement of this law 
brought it about that between the 1st of May of 1890 and 1892 700 streams 
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stocked by the commission were opened to the catching of brook trout. 
Altogether there are about 2,000 streams open now for brook trout catch- 
ing where this fish had been artificially introduced. 

Of all the fish subjected to the experiment none has been cultivated on 
such a large scale as the whitefish on account of its great economical 
importance surpassing that of any other fresh water fish. 

Among the several varieties of whitefish found in American waters, 
the common whitefish (coregonus clupeiformis) and the lake herring 
(coregonus artedi) are by reason of their abundance the most important 
for economical purposes, the former taking precedence over the latter. 
That will account for the fact that until recently the common whitefish 
constituted the almost exclusive object for cultivation. Both varieties 
are taken in the Great Lakes and in Canada, although the northern 
boundary line of their habitat has not as yet been ascertained. 

This work found a powerful support with the Michigan State Fish 
Commission, whose whitefish and pike perch hatchery in Detroit is the 
largest of its kind on the entire globe. 

The states of Pennsylvania, Ohio and New York contributed their 
share likewise in helping the propagation of whitefish by planting mil- 
lions of fry every year. 

Next to the United States and the Michigan State Fish Commissions 
as to the importance and magnitude of the work done, ranks the Depart- 
ment of Fisheries of the Canadian Government. In 1891 the department 
planted 451,880,000 whitefish fry. 

As not all of the reports of the different states were accessible to me, 
I find it impossible to state the exact amount of whitefish fry hatched 
and planted on and in the Great Lakes. The approximate estimate of 
the combined output of the United States and Canada in distributed 
young whitefish should, in my opinion, be placed at about two milliards. 

The Michigan State Fish Commission started pike perch culture in its 
own hatchery in 1887; the output has steadily increased ever since as 
shown by the following table: 


Renamer ee EOD aris 8 Ye eh 3,280,000 fry. 
LAOS Joa Ue eo i OI Ao 11,492,000 fry. 
Pee mer eakt 82 PELL Sk 44,340,000 fry. 
REEL yun en Ee co oa 22,300,000 fry. 
CSSA Ace Sy qtadkh oe MER NS aaa nn rere 27,045,000 fry. 


At the meeting of the American Fisheries Society in Chicago in 1893, 
Prof. Reighard related an experiment undertaken at the request of the 
Michigan State Fish Commission for the purpose of finding a suitable 
means to prevent the cleaving (adhesion) of pike perch eggs. The Profes- 
sor pointed out the following ways as suggesting themselves upon the 
experimenter: 


1. Some substance might be found which after being dissolved in the 
water over the spawn would destroy the tendency to adhere of the outer 
membrane of the eggs without injuring the ova or milt. Different sub- 
stances were tried but with poor results. 
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2. The eggs may be allowed to adhere so as to form clusters, and may 
afterwards be separated by mechanical means as, for instance, by letting 


them pass through a sieve. The eggs, however, through the pressure 


against each other, will change their shape and some of them will be 
destroyed. 


3. Some substance may be introduced in the water which will pene- 


trate the spawn in such a manner as to prevent the eggs from touching 
each other. After trying numerous substances in vain, Prof. Reighard 
obtained good results by using corn starch. 


One part of starch was mixed with 20 parts of water. The eggs were 
impregnated in the usual way; after two to three minutes they are 
immersed in the starch solution until the latter is half filled with spawn. 
The eggs sink to the bottom of the receptacle and become covered with 
the starch which prevents their cleaving together. Thus they are 
allowed ‘to remain undisturbed and the injurious effect of moving is 
avoided. After having been immersed for a while in the solution, they 
are suddenly transferred inte an abundance of clear water; the milt is 
almost instantly washed off and the surface of the eggs thus cleaned 
from adhering alkaloids. 


The starch sinks gradually; within ten minutes most of it is deposited. 


‘on the bottom of the vessel. The water is then replaced by fresh water; 


by shaking or swinging the vessel, starch and eggs are mixed with the » 


fresh water. After the starch has settled again a new fresh water 
change may be effected. In this way the water may be renewed every 
ten minutes, if deemed necessary, and without adding new starch. The 
eggs may remain in the starch solution for four hours or more, but 
usually they were washed clean after two hours. After that they 
appeared well filled and of normal form, and when transferred to fresh 
water they did not stick. 

The starch seems to have no influence other than to prevent the eggs 
from cleaving. Eggs treated after this manner showed an increase in 
impregnation of from 15 to 80 per cent, compared with the old method. 
Mr. Dwight Lydell of the Michigan Fish Commission, who carried on 
these experiments, on a large scale, showed that this application of corn 
starch increased impregnation of pike perch eggs by about 20 per cent. 

Prof. Reighard’s process must be greeted as a valuable discovery of 
special importance in fish impregnation, in fact as the only important 
one since the discovery of dry fish impregnation by the Russian fish 
cultivator, Wrassky, which is now in use nearly Ete not the SIRS 
world. 

After the experiments in cultivating living food, undertaken success- 
fully by a few European hatcheries, the Americans began to follow 
in their wake during the last few years. But whoever had had the 
occasion to observe the vigor and perseverance shown by the Americans 
in the work of fish cultivation, must certainly feel convinced, that within 
a Short time they will also be masters i in this new branch and ‘will dee 
and complete new methods. 
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Methinks I could not do better in rendering my concluding impressions 
than to quote from the 10th Annual Report of the Michigan State 
Fish Commission the following: 

“Considering that the first successful attempts at fish cultivation 
“have occurred within a lapse of time still remembered by many living 
“ persons, the progress made and the results obtained may indeed appear 
“as next to marvellous.” 

OSCAR NORDQVIST, 
Helsingfors, Finland. 
October 1895. 
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ON THE CYCLOPIDA AND CALANID OF LAKE ST. 
CLAIR, LAKE MICHIGAN, AND CERTAIN OF 
THE INLAND LAKES OF MICHIGAN. 


From the standpoint of the pisciculturist, perhaps no class of animals 
outside the fishes themselves is so important and interesting as the ento- 
mostraca: It is a well known fact that these minute crustacea form the 
entire food material of the young of some of our most important food 
fishes, and in many cases form a large part of the food of the adults. 

They are universally distributed. Every stream, lake, pond, and pool 
has its population of these minute creatures. Moreover they are present 
in some places in enormous numbers. In the deeper waters of our lakes 
the surface waters to a depth of about thirty feet fairly swarm with cope- 
pods. In limnetic collections there are always present some Cladocera, 
but the great bulk of the material in any lake will consist of two or three 
species of Diaptomus and as many of Cyclops. 

Inasmuch as the occurrence and abundance of animals is largely depen- 
dent on their food supply, it will be seen that an accurate and thorough 
knowledge of entomostraca is of fundamental importance, if we would 
have an exact knowledge of the conditions controlling our fish. 

The material on which this paper is based was obtained from the 
following sources. 

1. Collections made by Professor Reighard in certain lakes in southern 
Michigan in the summers of 1891 and 1893. 

2. Collections made by Professor Reighard in the northern part of 
Lake Michigan in the spring of 1893. 

3. Collections made by Professor Reighard during the biological exam- 
ination of Lake St. Clair in the summer of 1893. This involved a very 
Jarge number of collections in the months of July and August, and its 
results probably give us a very accurate knowledge of the copepod fauna 
of Lake St. Clair in the summer season. In connection with this work a 
few collections were also made in the Detroit river and in Lake Erie. 

4, Collections made in July and August 1894 in connection with the 
scientific work of the Michigan Fish Commission at Charlevoix. This 
involved a careful examination of Round Lake and Pine Lake, collections 
in Lake Michigan and the lakes on Beaver Island, and cursory examina- 
tions of the small lakes in the neighborhood of Charlevoix. 
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5. Collections made by Dr. R. H. Ward in September, 1894, in Emmet 
and Cheboygan Counties, along the “Inland Route.” 

Inasmuch as these collections were made for the most part, in the 
summer season, and more especial attention was paid to the larger bodies. 
of water, the results of the examination cannot be considered as giving us 
a complete knowledge of the fauna of the State. A more careful examina- 
tion of the smaller lakes and of the stagnant pools would doubtless add 
some species to the list. Yet the number of those species would be small, 
and for the larger bodies of water the list as given in this paper is prob- 
ably very nearly complete. 

This becomes evident when one remembers how nearly identical are the 
faunze of the deeper waters of our lakes. To such an extent is this true 
that one can prophesy quite exactly what species will be found in a collec- 
tion from any of the lakes of this latitude. The collections from the 
deeper water will almost invariably give the following species:—Diaptomus 
oregonensis, Cyclops brevispinosus, C. Leuckarti and C. fluviatilis. C. 
albidus and C. serrulatus may be present, but belong more properly to the 
littoral fauna. In the larger lakes, in addition to this list we may find 
Epischura lacustris. Diaptomus sicilis, D. Ashlandi, D. minutus, and 
Limnocalanus macrurus are not commonly found except in the Great 
Lakes and in the bodies of water in direct connection with them; in the 
Great Lakes, too, C. pulchellus takes the place which C. brevispinosus 
holds in the smaller lakes. : 

D. Reighardi is the only new species which I have found in the Michi- 
gan collections. As I have already remarked in a former paper (’93 p. 192), 
the species of Diaptomus are, in some cases, quite limited in their distribu- 
tion, and apparently Diaptomus is much more susceptible to the influences. 
of its environment than is Cyclops. Very little is known of the life his- 
tories of the species of Diaptomus, and it is possible that a more complete 
knowledge may lead to a reduction of the number of species. But, so far 
as I can see, all the forms described vary within comparatively narrow 
. limits, and there is no evidence whatever to lead us to question the separa- 
tion of the forms. - 

I have indicated, in the accompanying chart, the distribution of the 
species. It has not seemed necessary to indicate the character of the indi- 
vidual collections in Lake St. Clair and Lake Michigan as no particular 
significance is attached to such facts. 

The sketch maps will show most of the localities where the collections 
were made. 

It is interesting to note the greater richness of the copepod fauns of our 
lakes as compared with those of the continent of Europe. Zacharias finds. 
seven species of copepods belonging to the Cyclopide and Calanide in 
the Pléner See. In Lake Michigan there are nine, and that includes no. 
littoral species; in the lakes on the Beaver Island there are eight, in Pine 
Lake nine, in Round Lake eleven, in Intermediate Lake eleven, and in 
Lake St. Clair sixteen. The large number in Lake St. Clair is probably 
explained by the fact that, being very shallow, it has the species of the 
smaller bodies of water and of the stagnant pools, and in addition, because: 
of its connection with the Great Lakes, has also their limnetic species. 
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Pine Lake is peculiarly poor in its number of species. This is strikingly 
apparent when we compare it with Intermediate Lake. Pine Lake was very 
thoroughly: examined, and it is likely that we are acquainted with all the- 
species occurring there, and yet the number is only eight. All the collec- 
tions from Intermediate Lake were made in one day by a party which went. 


down from Charlevoix and remained only a few hourg, and yet the number 


of different forms is eleven. Intermediate Lake seems to be an unusually 
rich collecting ground, for with the exception of Lake St. Clair and Round 
Lake, no other lake shows such a large number of species, and both Lake 
St. Clair and Round Lake have been very thoroughly explored. Moreover, 
in the case of Round Lake, several of the species may be considered as 
immigrants from Lake Michigan. 


In general it may be said that the copepod fauna of Michigan does not. 


differ materially from that of Wisconsin, which I have already described 
in a former report. (Marsh’93.) This is only what one would expect 
because of the very wide distribution of the species, as already noted.. 
(Marsh ’ 93, p. 191.) 


Inasmuch as many of the species have been imperfectly described, it. 
has seemed best to me in preparing this paper to devote some space to. 


more detailed descriptions, and particularly to furnish some figures in. 


addition to those already published, and in this way to supplement the. 


work of preceding papers. 

The literature of the Copepoda is so scattered that it is very difficult for 
any one except a specialist to make determinations of species that are at 
all satisfactory. Without doubt this fact has deterred many from attempt-. 
ing any study of the Copepoda. Much valuable work in regard to the 
distribution of species might be done by amateur investigators if there were: 
any work giving brief directions by which the species might be determined 


with a fair degree of accuracy. This lack, with the advice of Professor 


Reighard, I have attempted to supply in the present paper. Preceding: 
the notes on Diaptomus and Cyclops, I have given a brief synopsis of the 
species. of those genera. These synopses, which, with some modifications, 
are like those in my paper on the copepods of Wisconsin, are intended. 
simply to furnish a means of recognizing the species by some of their most 
obvious characters. While the first six plates may be considered as sup-: 
plementing the work of my Wisconsin paper, I have thought best, in 
order. to aid in the identification of species to add the seventh, which 
repeats some of the figures of the former paper. I think that by means of 
the synopses and plates, any one who has the patience to make the neces- 
sary dissections, will be able without much difficulty to identify our species. 
of Cyclops and Diaptomus, at least as far as adult forms are concerned. 

I have included in the synopses some species which have not yet been 
found in Michigan, but which have been reported from Wisconsin, and 
will, doubtless, after a more thorough exploration, be included in the 
_ Michigan fauna. 


Fret a 5550 
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FAMILY CALANIDA.—Genus DIAPTOMUS Westwoop. 


KEY TO SPECIES OF DIAPTOMUS FROM CHARACTERISTICS OF THE MALE. 


Antepenultimate joint of antenna without appendage, | 
Pita teet nearly equal in Jeneth, _..___ SS... oregonensis. 
Left fifth foot shorter than right, 
Inner ramus of left fifth foot about equal in length to 
first joint of outer ramus, terminal hook of right foot 
MAMMA GeOOMeANCUIAT, : oo S202 oe pallidus. 
Inner ramus of left fifth foot about twice as long as 
first joint of outer ramus, terminal hook of right foot 
with an abrupt angle at about midway of its length, Reighardi. 
Antepenultimate joint of antenna with hyaline lamella,___- leptopus. 
Antepenultimate joint of antenna with appendage, 
Appendage short and blunt, 
Left fifth foot hardly reaching end of basal joint of 
right, lateral spine of terminal joint of. right foot 
weak, reaching about to end of joint, species large, 
Pemmmeemement ya ADTIN GY, ook a oS sanguineus. 
Left fifth foot reaching to about one-third the length 
of the terminal joint of the right, lateral spine of 
terminal joint large, reaching to nearly one-half the 
leneiuon the. terminal hook, .._..,2220.2---<.,.-_<. Birger. 
Appendage as long or longer than the penultimate joint, 
Terminal hook of right fifth foot broad, lateral spine 


PRE ee re ee minutus. 
Terminal hook falciform, 

Lateral spine nearer outer extremity of joint, ____--_- sicilis, 

Lateral spine stout, nearer base of joint, ___._______- Ashland. 


DIAPTOMUS sIcILIs Forbes. 
Plate VII, figs. 1 and 11. 


1882. D. sicilis Forbes, p. 645, pl. VIII, figs. 9 and 20. 


1884, “ Herrick, p. 142, pl. Q, fig. 18. 
Saute ‘‘  DeGuerne and Richard, p. 23, figs. 13 and 14, pl. IT, 
fig. 13. 
PEOU Laene ce ‘¢ Forbes, p. 702, pl. 1, fig. 6. 
1393" ‘Marsh, p. 197, pl. III, figs. 8 and 10. 


D. sicilis is found everywhere in the Great Lakes, in Lake St. Clair and 
in the Detroit River. It is also found in Pine Lake, and very likely occurs 
in other bodies of water having direct connection with the Great Lakes. 

I do not know of its occurrence in bodies of water away from the 
Great Lakes, except in Green Lake (Marsh ’91 and ’93), and Lake Geneva 
(Forbes, ’90), and both of these are deep-water lakes. 


DIAPTOMUS ASHLANDI Marsh. 
Plate VII, fig. 2. 
1893. D. Ashlandi Marsh, p. 198, pl. ITI, figs. 11-13. 


When I described this species in my paper on the Cyclopidw and 
Calande of Wisconsin, I knew of only two localities for it, Lake Supe- 
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rior and Lake Erie. It occurred in the collections from Lake St. Clair 
and the Detroit River, but not abundantly. In the Lake Michigan col- 
lections it was a common species, but not nearly so numerous as D. 
minutus. I found it in none of the smaller lakes sae )S. Round Lake and 
Pine Lake. 


Draptomus minutus Lilljeborg. 
Plate VII, fig 8. 


1889. D. minutus DeGuerne and Richard, (Lilljeborg) p. 50, De I, figs. 
5, 6 and 14, pl. ILI, fig. 25. 


1891. D. sicilis var. imperfectus Forbes, p. 708. 
PSO Lins ho SMaes hc 
1898) 0“) ou 2 Marsh, pid99, pay, hes ed to 3. 


D. minutus is, Pana the most common of all the Diaptomi in the 
collections from Lake St. Clair and the Great Lakes. With D. sicilis and 
D. Ashlandi it forms the great bulk of the crustacea in the limnetic col- 
lections. While I have found it in one or two of the Wisconsin lakes, it, 
like the two preceding species, has not so far been found in any of the 
Michigan waters which do not have direct connection with the Great Lakes. 
The three species may be fairly considered as characteristic of the fauna 
of the Great Lakes. 


It is with considerable hesitation that [ have considered Forbes’s imper- 
fectus identical with minutus. One can not be certain of the identity of 


the two forms from the description given by Forbes, and yet from the 


localities which he gives for his variety, it seems very probable that the 
two are the same. He speaks of it as common in Lake Superior and Lake 
Michigan, and in some adjacent lakes, and in Lake Geneva. Inasmuch as 
D. minutus is s0 common in the Great Lakes it is not at all probable that 
it has been overlooked by so accurate an observer as Professor Forbes, 
and as he reports imperfectus as an abundant form, I think the probabili- 
ties are that imperfectus is a synonym of minutus. 


DIAPTOMUS OREGONENSIS Lilljeborg. 
Plate VII, fig. 5. 


1889. D. oregonensis DeGuerne and Richard, (Lillj.) pl. II, fig. 5, pl. 
IT fic: 8. 
1993;°. 4° He Marsh, p. 200, pl. LV, figs. 4 and 5. 


D. oregonensis is the common limnetic species of the smaller lakes. It 
occurs in the Great Likes, but not abundantly, while in the smaller bodies 
of water it usually forms the larger part of the limnetic fauna. 
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DiaPToMUS REIGHARDI, sp. nov. 


Plate I, figs. 1-4. 


The first segment of the cephalothorax is considerably shorter than the 
second. The first two segments form nearly half the length of the cepha- 
lothorax. The last segment is armed behind with two very minute spines. 

The first segment of the abdomen of the female is elongated, nearly 
equal in length to the remainder of the abdomen and the furca. It is 
dilated laterally and in front and bears two rather small lateral spines. 
The second segment is about one-third shorter than the third. The third 
segment is slightly shorter than the furca. 

The antennae reach the end of the furca. The right antenna of the 
male is swollen anterior to the geniculating joint; the antepenultimate 
joint has no appendage. 

The outer ramus of the fifth foot of the female is two- jointed. The third 
joint is represented by the customary two spines. The inner ramus is 
one-jointed; it is somewhat longer than the first joint of the outer ramus, 
and is armed at tip with minute sete and two spines. 

In the right fifth foot of the male the basal joint is quadrangular, about 
one-half longer than broad. The length of the first joint of the outer 
ramus is about equal to its width. The second joint is elongate, concave 
on its inner margin; at about one-third of its length there is a minute 
spine on its inner margin; the rather long lateral spine is situated at about 
two thirds of its length. The terminal hook has a single abrupt angle at 
about one-half its length. The inner ramus is one-jointed and equals in 
length the first joint of the outer ramus. 

The left fifth foot of the male reaches a little beyond the middle of the 
second joint of the outer ramus. The basal joint is about as broad as 
long, and is somewhat shorter than the basal joint of the right foot. The 
first joint of the outer ramus is about as broad as long, its distal end con- 
siderably narrower than the proximal. The second joint is about twice as 
long as the first, and the tip is expanded into two finger-like processes, of 
which the outer is much the larger and is armed on its inner surface with 
a pad bearing minute sete. The inner ramus extends to rather less than 
one-half the length of the second joint of the outer ramus. 

Length of female, 1.1395 mm.; male, 1.0248 mm. 

This species, which is nearly related to D. oregonensis, is yet readily dis- 
tinguished by the characters of the male fifth foot. I found it in the 
collections from only three localities,—the North Lake on Beaver Island, 
Intermediate Lake, and Crooked Lake. 

I have named this species in honor of Professor Reighard who has, 
directly and indirectly, done so much to increase our knowledge of lacus- 
trine faune. 

2 
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_ Genus EPISCHURA Forsss. 
Plate II, figs. 1-6. Plate III, figs. 1-6. 
EPISCHURA LACUSTRIS Forbes. 


1844. Scopiophora vagans Pickering, p. 62. 
1882. . lacustris Forbes, pp. 541 and 648, pl. VIII, figs. 15, 16, 21, 23, 


i. tok, ho. G: 
1884. E. lacustris Herrick, p. 181, pl. Q, fig. 18. 
1889. x DeGuerne and Richard, p. 90, pl. TV, figs. 3, 9 and 10. 
Tees Bs cate ‘ Forbes, p. 704, pl. I, figs. 1- 5: pl. II, fig. 7. 
(Pots ba WA ey $ Marsh, p. 200, pl. IV, fig. 6. 


I have very little doubt that, as stated by Herrick (’84, p. 181), the 
Scopiophora vagans ot Pickering i is the same as H. lacustris. The state- 
ment in regard to the armature of the abdominal furce can apply to no 
other genus, and as only one species of Hpischura has been found in the 
Great Lakes, there would seem to be little doubt as to the identity of Pick- 
ering’s species. If then we follow the laws of priority as strictly as do 
some authors, we should throw out Forbes’s name. But I cannot think it 
wise when a name has been so long incorporated in our literature, and is 
founded on an accurate and easily recognized description, to throw it aside 
in favor of a name accompanied by a description which, it is true, probably 
applies to this animal, but is manifestly inaccurate in some particulars, and 
may be in all. 

It is not necessary to give a detailed description of this species, as that 
has already been done by other authors, but, as very few figures of it have 
been published, it has seemed best tome to draw quite a number in order 
that they may serve for comparison of this genus with others, and of the 
various species of Hpischura with each other. 

A few points in the anatomy, which have not been noted by others should 
be mentioned. 

Forbes has recently (’93, p. 255) called attention to the fact that the 
fourth abdominal segment of the male is without a process, and that the 
fifth bears two processes. 

The antenne are 25-jointed. In the female, clavate sensory setze are 
present on all segments except the 4th, 6th, 8th, 10th, 20th, 21st, 22d and — 
24th. The 8th and llth segments have each a short spine. The left 
antenna of the male is like those of the female except that the sensory 
setze are much longer, particularly on the basal segments. The right. 
antenna of the male is 22-jointed, with a hinge between the 18th and 19th 
segments. The 19th segment is formed by the union of the 19th, 20th and 
21st of the typical antenna, and the 20th by the union of the 22d and 23d. 

The outer rami of the swimming feet are three-jointed, and the inner 
one-jointed. In all the feet the inner ramus bears five setee. In the first 
foot the first and second joints of the outer ramus have each one external 
and one internal seta. The terminal joint has six sete. In the second, 
third, and fourth feet, the first and second joints of the outer ramus have 
spines externally instead of sete as in the first foot. The terminal joint 
has two short spines externally, a long terminal spine with its outer margin 
deeply serrate, and four sete on the internal margin. 
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E. lacustris was a common species in the collections from Lake St. Clair, 
Lake Michigan, and many of the smaller lakes. 


Genus LIMNOCALANUS Sars. 


LIMNOCALANUS MACRURUS Sars. 
Plate IV, figs. 1 and 2, Plate V, figs. 1-5. 


1863. LL. macrurus Sars., pp. 228-229. 

TSs2i H Forbes, p. 648. 

1886. Centropages Grimaldi DeGuerne, pp. 1-10. 

1888. L. macrurus Nordqvist, pp. 31- oF pl. I, figs. 9-11; pl. II, figs. 
1-5; pl. IIT, figs. 1-4. 

1889. LL. macrurus DeGuerne and Richard, p. 77, pl. IV, figs. 5, 11,. 
and 12. 

1891. LZ. macrurus var. auctus Forbes, p. 706. 

ESQouras i: Marsh, p. 201, pl. IV, fig. 7. 


For the description of L. macrurus we must depend largely upon the 
elaborate description and figures of Nordqvist. 

Forbes (’91, p. 706) thinks that our form is sufficiently different from 
the European. to rank as a distinct variety. When preparing my former 
paper (’93) it did not seem to me that there was good reason for establish- 
ing a new variety. Recently I have made a more careful examination of 
the details of its structure, using material from Detroit River, Lake Mich- 
igan, and Green Lake. So far as the specimens I have examined are con- 
cerned, the points of difference mentioned by Forbes (791, p. 707) do not. 
exist. It seems to me that the twenty-fifth antennal segment is clearly 
separated from the twenty-fourth, and not consolidated as stated by him. 
In ali my specimens I find the hook like spines on the eighth and twelfth 
segments. 

Nordqvist and Forbes are in agreement in regard to the terminal teeth 
of the mandible, but Forbes finds one seta instead of the two figured by 
Nordqvist; in this respect my observations confirm those of Forbes. The 
accessory spines have been evident in my preparations. It would seem 
then, that unless LZ. macrurus is susceptible of local variations—a highly 
‘improbable supposition—that Forbes’s variety can not stand, for the only 
point of difference on which it rests is the existence of one seta on the 
mandible instead of two. 

The second joint of the second maxillipede differs slightly from Nord- 
qvist’s figure, and I have accordingly figured it. (Pl. V, fig. 5.) The 
difference appears to me, however, unimportant. 

It is impossible to tell whether our species may not differ from the 
Kuropean in the armature of the antenna, as that was not worked out in 
detail by Nordqvist. In regard to the sensory setz, he simply states that 
they are present on some of the segments, but does not state their number. 

In the female, clavate sensory sete are present on all joints except the 
4th, 20th, 21st, 22d, and 24th. The sete are distributed as follows: the 
first joint has three; there are two on the 2d, 3d, 5th, 7th, 9th, 10th, 11th 
13th to 19th inclusive, and 22d to 24th inclusive; the Ath, 8th, 12th 20th, 
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and 21st have one seta; the 6th has none; the 25th has four sete, one of 
which is plumose; the ‘8th and 12th have, i in addition to the pen. and 
sensory sete a hook-like spine. 

The left antenna of the male is armed like the female antenna. 

The right antenna of the male is 22-jointed, the 19-21 being united in 


one, and the 22d and 23d. The joint is between the 18th and 19th. Theside 


of the 17th is produced into a blunt spine, and the 18th and 19th are armed 
on the inner margin with rows of minute spines. The number of the sensory 


sete is the same as in the left antenna and in the antenna of the female, “a 


and not greater as stated by Nordqvist. In fact the differences in the 
armature of the right and left antenne are only apparent, and are occa- 
sioned by the coalescence of the 19th—21st and the 22d and 23d joints. 

It has seemed best to me to figure the swimming feet and describe them 
in some detail, in order to get a ‘basis of comparison with similar forms. 

In the first foot both the first and second basal joints are armed inter- 
nally with a plumose seta. The first two joints of the exopodite have no 
external spines; the terminal joint has two external spines, two apical 
setee—the outer spinulose on its outer margin—and three internal sete. 
‘The terminal joint of the endopodite has one internal seta, two apical, and 
three internal. , 

The second, third and fourth feet have no seta on the second basal joint, 
and the first and second joints of the exopodite have each an external spine. 
In all the feet except the first there are groups of two or three minute 
spines at the bases of the spines of the exopodite. 

The second and third feet are alike. The terminal joint of the exopo- 
‘dite has four internal sets, and the terminal joint of the endopodite has 
two external sete and four internal. 

The fourth foot is like the second and third except that the terminal 
joint of the endopodite has three internal sete. The fifth feet have no 


sete on the basal joints. The second joint of the exopodite in the female 


is prolonged internally into a hook-like expansion. The exopodites of the 
male are two jointed, the terminal joints having a peculiar construction 
more easily understood from the figure than from any written description. 
The terminal joints of the endopodite in both male and female are armed 
-~with two external, two apical, and two internal sete. 


FAMILY CYCLOPIDA.—Genus CYCLOPS Mutter. 


KEY TO SPECIES OF CYOLOPS. 


Antenne 17-jointed, 
Fifth foot one-jointed, armed with one spine and two | 
long setze—a large species of dark color, _._-..___-_-- ater. 
Fifth foot two-jointed, 
Second joint of fifth foot armed with seta and short 
spine, 
Terminal joint of outer branch of swimming foot 
armed externally with three spines, 
Furca of moderate length—occurring in pools, _._. Americanus. 
Furca elongated, outer furcal seta abbreviated to a 
short, thick spine—limnetic in habit, ___._____- brevispinosus. 


J 5 Ae: eine 
sf " J o > S % > : : eG es 
Re eee - = eS = gee . ate, oo Se ae re Lay 
= Porto Pe wee ee Gs “ge Ce Se ie ee P SME SS ae > Yr 
SS ae a ee ie seal . a eae x ie 


sai ati 


ease ate 
Oe eg te 


CYCLOPID/ AND CALANIDA OF MICHIGAN LAKES. 13: 


Terminal joint of outer ramus of swimming feet 


armed externally with two spines, __-_-_-_-- 3 ALS parcus. 
Second joint of fifth foot with two terminal sete, 
Furca short—occurring in pools;___..__._-_--_---- NAavUs. 
Furca elongated—limnetic in habit, _--.----------- pulchellus. 
Second joint of fifth foot with one terminal and one 
DTOr Aline bape emer ee on Oe es es OE Pe Leuckartt.. 


Second joint of fifth foot with three sete, 
With clavate seta on twelfth antennal segment, 
inner margin of furca not beset with hairs, egg- 
sacs lying away from abdomen, ___.___-_----. albidus. 
Sensory hair on twelfth antennal segment, inner 
margin of furca beset with hairs, egg-sacs close 
“oe LAU UGSE 1?) 015 (BIA A) a A i SE Suscus. 
Antenne 16-jointed, fifth foot three-jointed, ____._-.-_--_-- modestus. 
Antenne 12-jointed, fifth foot one-jointed, 
Furca variable in length, armed externally with a row of 


Msi nem eee A ee eS Ce ae tlk serrulatus. 
Furca short, without armature of spines—a small limnetic 
Shere aagts (Oe 1g ee SRT SG a ee Jluvriatilis. 
Antenne 11-jointed, 
Swimminecowo- jolted evs. ot bbe poe lke phaleratus. 
RMMenreeirAyOILed. aor lee eco se bicolor. 
Person Uumsiaimted saves ot ge i 2 . fimbriatus. 


Cyctops ATER Herrick. 


Plate VI, figs. 1-4, 6, and 12. 


1882. C.ater Herrick, p. 228, pl. IIT, figs. 9-12. 
abs GS . p. 145, pl. Q, figs. 9-12. 
he. ed f p. 14. 


The cephalothorax is oval, nearly as broad as long, with the lateral 
angles produced caudally. The first segment equals two-thirds the total 
length of the cephalothorax. 

The antenne are 17-jointed, about as long as the cephalothorax, its seg- 
ments having the typical armature of the Cyclopidew. The last two seg- 
ments have a smooth hyaline lamella, which in the last segment projects 
as a flat, blunt process beyond the end of the joint. 

The abdomen is of moderate length, the last segment being armed 
posteriorly with a row of fine spines. The furca is rather more than twice 
as long as its width. The lateral spine is situated near the end. Of the 
terminal sete, the outer is slightly shorter than the inner, the second is 
about twice as long as the outer, and the third about three times as long. 

The swimming feet are armed as follows: 


FIRST FOOT. 


Outer br. ex. 3 spines. Inner br. ex. 1 seta. 
ap. 2 sete. ap. 1 spine, 1 seta. 
in. 3 sete. in. 3 sete. 


{ 
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SECOND AND THIRD FERT. 


Outer br. ex. 3 spines. Inner br. ex. 1 seta. 
ap. 1 spine, 1 seta. ap. 1 spine, 1 seta. 
in. 4 sete. in. 3 setee. 


FOURTH FEET. 


~ Outer br. ex. 2 spines. Inner br. ex. 1 seta. 
ap. 1 spine, 1 seta. ap. 2 spines. 
in. 4 sete. in. 2 sete. 


The fifth foot is one-jointed, and armed with a stout spine and two long 
sete. 

Average length 1. 77 mm. 

A large, very robust form, of striking appearance because of its deep 
colors. The colors of the St. Clair specimens were as follows: antenne, 
antennules, swimming feet and furcal sete dark blue, almost black. The 
caudal margins of the cephalothorax have the same color. On each side 
of the abdomen, and extending to the ends of the furce is a strip of the 
same color but darker. Borders of the cephalothorax tinged with green. 
Oviducts white. The ovary is orange. 

To the naked eye it resembles closely in form, size, and color an Arre- 
nurus with which it is found associated. This may be a case of protective 
mimicry. 

This species was originally described by Herrick in 1882, and is men- 
tioned by him in his succeeding reports of 1884 and 1887, but has been 
noted by no other author. It was discovered by Professor Reighard in 
the St. Ciair collections, and was worked out very thoroughly by him. It 
is from his notes that the above description is taken. 

This seems to be a somewhat rare form in this region. I have founda 
few individuals in Rush Lake, Wisconsin, and in Michigan, besides in the 
St. Clair collections, have found it in Twenty-Sixth Lake, Intermediate 
Lake and Susan Lake. Where it occurs it is easily detected because of its 
large size and prominent colors. The specimens from Round Lake had 
more of the red color, so much so that this, on a superficial examination, 
seemed to be the most prominent color. 


CYCLOPS BREVISPINOSUS Herrick. 


Plate VII, fig. 12. 


1884. C. br evispinosus Herrick, p. 148, pl. 5, figs. 7- ll. 
1803 e055 Marsh, p. 205, ‘pl. IV, figs. 11 and 12. 


C. brevispinosus occurred in the collections from Lake St. Clair, the 
Detroit river, Lake Erie, Susan Lake, Beaver Island, Intermediate Lake and 
Round Lake. I have found it in collections from Lake Superior and Lake ~ 
Ontario, but, curiously, never in Lake Michigan collections. ¥ 
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CycLoPs PULCHELLUS Koch. 


Plate VII, fig. 14. 


1888. C. pulchellus Koch, H. 21, pl. 2. 

1857s‘ . bicuspidatus Claus, p _ 209, pl. XI, figs. 6 and 7. 
1863. 101. 

1863. “ pulchelius Sars, p. 246. 

ihe sO rad . bicuspidatus Mallee jap ke 

1872. Fric, p. 221, fig. 6. 

1876." “ Hoek, p. 17, BL I, figs. 7-11. 

1880. ‘ pulchellus Rehberg, p. 543. 

1880. ‘“ helgolandicus Rehberg (’80a), p. 64, pl. LV, fig. 5. 
1882. ‘“ Thomasi Forbes, p. 649, pl. IX, figs. 10,11, and 16. 
1883. “ pectinatus Herrick, p. 499, pl. VII; figs. 25, 28. 
1883. ‘“ Thomasi Cragin, p. 13, pl. ILI, figs. 1--13. 


1884. <“ ts Herrick, p. 151, pl. U, figs. 4, 5, 7, and 8. 
HL esDe aie “ pulchellus Daday, p 220. 

1886. Voncien p. 194, pl. V, figs. 19-28. 
TOGO ae .: Lande, p. 50, pl. vO figs. 146-155. 


1891. “ Thomasi Forbes, p. 707, pl. LI, fig. 8, 

1891. “ bicuspidatus Brady, p. 13, pl. V, figs 1-5. 

1891. ‘“ Thomasi Brady, p. 14, pl. VI, figs. 1-4. 

LES Wea bicuspidatus Schmeil, p. 27. 

Sa ee: Richard, p. 229, pl. VI, fig. 6. 

LOO ze i Schmeil, Dtb, pl. pa figs, 1-3. 

1893. ‘* Thomasi Forbes, p. 249, pl. BERL, figs. 9-12, pl. XL, fig. 13. 
1893. ‘“ pulchellus Marsh, p. 207, pl. IV, figs. 18-19. 


C. pulchellus is the common Cyclops of the Great Lakes. It occurs 
sometimes in smaller bodies of water, but in the collections from Michi- 
gan I have not found it from any of the small lakes except Pine Lake and 
Round Lake. 

According to Forbes (’82 b) C. pulchellus and the Diaptomi form the 
greater part of the food of the young white fish. 


Cyctops paRcus Herrick. 


1882. C. parcus Herrick, p. 229, pl. VI, figs. 12-15. 

1884. p. 148, pl; fies 22: 

19932 ‘¢ Marsh, p. 208, pl. Voto 16 pla, fio sl 

I have found C. parcus hee in the collections from Lake St. Clair. 


CyYCLOPS LEUCKARTI Sars. 


Plate Vin fea: 


1863. C. Leuckarti Sars, p. 239. 

1874. “ simplex Poggenpol, Das (Ost X V5 ao 1-3, 

1875. “ tenuicornis Uljanin, p. 30, pl. LX, figs. 12 and 13. 
1876. “ Leewwenhoekii Hoek, p. 19, pl. III, ‘figs. 1-12. 
1880. “ simplex Rehberg, p. 542. 

1884. ‘“ See Herrick, 'p,. 150: 
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1884. 
1885. 
1885. 
1885. 
1886. 
1887, 
1890. 
1890. 
1891. 
1891. 
1891. 
1891. 
1892. 
1893. 
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. oithonoides Herrick, p. 150, pl. §, figs. 2-6. 


Leuckarti Daday, p 
simplex Daday, p. 236. 
pectinatus Dadar p. 223, pl. I, figs. 7-13. 
simplex Vosseler, p. 193, ‘pl. IV, figs. 15-17. 

iSiee MELOTTICK, Maya pl. Vil, fede ay 

Thallwitz, p. 79. 

«Lande, p. 55, pl. XVI, figs. 42-45; pl. X VII, figs. 46-50. 
Leuckarti Schmeil, p. 25. 
edax Forbes, p . 709, pl. III, fig. 15; pi. LV, figs. 16- 19. 
Scourfeldr Beate (2) pig, ‘pl. IV, ‘figs. 1-8. 
Leuckarti Richard, p. 230, ‘pl. VI, ‘fig. 20. 

“f Schmeil, p. 57, pl. Tif. ‘figs. 1-8. 

‘ Marsh, p. 209, pl. LV, fig. 17; pl. V, figs. 2-6. 


I have no doubt that, as stated by Schmeil, C. Leuwckarti Claus and C. 
Leuckarti Sars are identical, and that possibly by strict laws of priority 
Claus should be given as authority for the name. Yet, as the description 
by Claus is not only imperfect, but in many respects inaccurate and mis- 
leading, I have preferred to retain the designation of C. Leuckarti Sars. 
Other points in the synonomy are discussed in Schmeil 92 and Marsh ’93. 

As would be expected, this species was distributed almost universally in 
the waters examined. 


1820. 
1841. 
1850. 
1857. 
1863, 
1863. 
1863. 
1870. 
1872. 
1876. 
1878. 
1882. 


1884. 


1885. 
1886. 
1888. 
1890. 
1890. 
i891. 
1891. 
1891. 
1892, 
1893. 


CycLorps Fuscus Jurine. 


Plate VI, figs. 5, 7 and 11. 


Monoculus quadricornis fuscus Jurine, p. 47, pl. II, fig. 2. 
C. signatus Koch, H 21, pl. VIII. » 


quadricornis var. c Baird, p. 203, pl. XXIV, fig. 5. 

coronatus Claus, p. 29, pl. I, fig. 5, and pl. II, figs. 1-11. 
CT  Dees Lob te Gs lx oriean 

signatus Sars, p. 242. 

coronatus Lubbock, p. 199. 


» DP. 
signatus Brady, p. 100, pl. XVII, figs. 4-12. 
tenuicorms Herrick, p. 227, pl. v, fig. 14; pl. VI, figs. 1-11, 
and 20. 
tenuicornis Herrick, p. 153, pl. BR, fig. 16; pl. Q*, figs. 8-11, 
and 20. 
signatus Daday, p. 208. 
= Vosseler, p. 189, pl. IV, figs. 6-10. 
fuscus Sostarig, p. 58. 
signatus Thallwitz, p. 79. 
S Lande, p. 33, pl. XV, figs. 1-12. 
tee Brady, p. 6, pl. 2, fig. 5. 
fuscus Richard, p. 293, pl. VI, fig. 6. 
iy Schmeil, p. 22. 
“ ‘e p. 128, pl. I, figs. 1-7b;\ ph TVitios 2: 
signatus Marsh, p. 211. 
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In my paper on the Wisconsin Cyclopide and Calanide (’93), agreeing 
with Herrick and Brady, I expressed my belief that the two forms here 
called fuscus and albidus, the coronatus and tenwicornis of Claus, belonged 
to the same species, fuscus being the more mature form. Since writing 
that paper I have examined a large number of specimens from widely 
separated localities, and I must acknowledge that I was wrong, and that, as 
stated by Schmeil (’92), the two forms must be considered distinct, for I 
have been utterly unable to find the connecting forms. The points of dif- 
ference, as stated so elaborately by Schmeil, hold good for the American 
specimens. C. fuscus has a sensory hair on the twelfth antennal segment, 
the hyaline lamella of the 17th segment deeply notched, the third segment 
of the antennule short, the inner borders of the furca thickly beset with 
hairs, and the egg sacs lie close to the abdomen, while C. albidus has a 
clavate seta on the twelfth antennal segment, the membrane of the 17th 
segment serrate or smooth, the inner borders of the furca either without 
hairs or with only fine hairs, and the egg sacs lie separated from the abdo- 
men. These characters, with the greater size of C. fuscus, serve to dis- 
tinguish the species, while the less evident characters mentioned by 
Schmeil are easily demonstrated. 

One characteristic not mentioned by Schmeil I have found constantly in 
my specimens. The larger of the two terminal spines of the endopodite 
of the fourth foot, instead of being serrated on its edges as is customary 
in all the spines of the swimming feet, is beset on its inner margin with 
long, rather irregular teeth, as shown in the plate. (Plate VI, fig. 7.) If 
this peculiarity exists in the European forms, it would seem probable that 
it would have been noted by some observer, but I have nowhere seen an 
account of it. It may serve then to indicate a slight variation from the 
European type. 

have found C. fuscus in the Michigan collections from only one 
locality, Intermediate Lake. 1 have found it in several Wisconsin locali- 
ties, though nowhere abundantly, and it is probable that it occurs in other 
localities in Michigan. 


CYcLOPS ALBIDUS Jurine. 


Plate VI, figs. 8-10. 


1820. Monoculus quadricornis albidus Jurine, pp. 44 and 47, pl. II, 
figs. 10 and 11; pl. ITI, fig. 24. 

1841. C. annulicornis Koch, H 21, pl. VI. 

1850. ‘‘ quadricornis var. b Baird, p. 202, pl. XXIV, fig. 4. 

1857. “ tenuicornis Claus, p. 31, pl. ITI, figs. 1-11. 

1857. ‘“ pennatus Claus, p. 35, pl. ITI, figs. 12-17. 

1863. “ ga Claus, p. 99, pl. I, fig. 3; pl. II, fig. 17; pl. LV, 

g. 5. 

1863. “ tenwicornis Sars, p. 242. 

1863. “ annulicornis Sars, p. 243. 

1863. “ tenuicornis Lubbock, p. 202. 

1870. “ tenuicornis Heller, p. 71. 

TSize i Fric, p. 219, fig. 12. 

1874. “ Clausii Poggenpol, p. 70, pl. XV, figs. 4-14. 

1875. “ signatus Uljanin, p. 29, pl. IX, figs. 6-11; pl XI, fig. 8. 

1876. % fe Hoek, p. 12, pl. I, figs. 1-4. 
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1878. C.tenuicornis Brady, p. 102, pl. XVII, figs. 1-10. 

1882. “ x Herrick. 

1883). i Cragin, p. 3, pl. II, figs. 1-14. 

1883. “ signatus var. fasciacornis Cragin, p. 2, pl. II, fig. 15. 
1884. ‘ tenwicornis var. a Herrick, p. 153, pl. Qt figs. 1-7. 
1885, )' “ & Daday, p. 211. 

1886,):. 45 Vosseler, p. 189, pl. LV, figs. 6-10. 

1888. ‘“ albidus Sostarig, pl. I, figs. 3, 4 and 12. 

1890. “ tenwicornis Thallwitz, p. 79. 

1890. 4.“ ft Lande, p. 36, pl. XVI, figs. 22-32. 

1891. “ gyrinus Forbes, p. 707, pl. II, fig. 9; pl. III, fig. 14. 
1891. “ albidus Schmeil, p. 23. 

.1891. “ annulicornis and tenwicornis Richard, pp. 224-226. 
1892. ‘ albidus Schmeil, p. 128, pl. I, figs. 8-14b; pl. LV, fig. 2. 
1893. ‘* signatus Marsh, p. 211, pl. V, figs. 7-9. 


Schmeil states that the antenne of C. albidus are armed with crowns of 
spines as in the case of C. fuscus. This seems to be rarely true in our 
forms. Although I have examined with great care large numbers of mature 
females, it is only in very few specimens that I have found this peculiar 
armature. The membrane of the terminal antennal segment is ordinarily 
serrate. The common form corresponds to the annulicornis of Sars and 
Richard, which, according to Schmeil, Richard now allows to be a variety 
of albidus. The distinguishing characteristic of annulicornis is the rudi- 
mentary seta of the inner margin of the terminal segment of the endopo- 
dite of the fourth foot. This is represented in most of my specimens only 
by a minute spine. (PI. VI, fig.9.) In two individuals I have found in 
place of this minute spine a short seta. (Pl. VI, fig.8.) In these two speci- 
mens the circlets of spines were present on the 8th, 9th, 10th, 12th, 13th, 
and 14th segments. It was this form evidently that Cragin called C. 
tenwicornis (’83 pl. IT, figs. 1-14), as is shown very clearly by the figures. 
of the fourth foot and antennule, although he did not figure the circlets 
of spines on the antennal segments. C. signatus var. fasciacornis Cragin, 
it is not possible to identify with certainty, although it seems probable 
that it is albidus. C..gyrinus Forbes does not have the antennal circlets of 
spines, but does have a short seta instead of a minute spine on the fourth 
foot, thus agreeing with Cragin’s figures of C. tenwicormis. This would 
seem to be intermediate between the two forms Ihave seen. It is difficult 
in such a case to tell just where the limits of species should be drawn, for 
we are entirely ignorant of the life histories of the forms, and it is certain 
that the Cyclopide have wide limits of variation. It seems to me safer, 
for the present, at least, to consider such minute differences as varietal, and 
not to increase the number of species. 

C. albidus is not very abundant, but occurred in many of the St. Clair 
collections, and in some of those from other points in Michigan. It isa 
universally distributed species, but does not occur in great numbers. 


CYcLOPs FLUVIATILIS Herrick. 


1882. C. fluviatilis Herrick, p. 231, pl. VII, figs. 1-9. 
1883. “ magnoctavus Cragin, p. 5, pl. II, figs 14-23. 
1884. “ fluviatilis Herrick, p. 159, pl. Q’, figs. 1-9. 
ASS Tir : Herrick, p. 15. 
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1891. C. magnoctavus Brady, p. 19, figs. 1-4. 
18938. “ fluwatilis Marsh, p. d14, pl. V, figs. 14 and 15; pl. VI, fig. 1. 

C. fluviatilis occurs in most of the limnetic collections in all except the 
smallest bodies of water. 


CYCLOPS SERRULATUS Fischer. 


1851.26; serrulatus Fischer, p. 423, pl. X, figs. 22, 28, 26-31. 


1853280— Lilljebarg, p. 158, pl. XV, fig. 12. 

Relay Gh he : Claus, p. 36, figs. 1-3, 

1863. ‘ 3 Sars, p. 254. 

1863. “ fF ‘Claus, p. 101, pl. I, figs. 1 and 2; pl. IV, fig. 12; pl. 
MI; priay: 

tela s Bee y Lubbock, p. 197. 

rare 2% ff Heller, p. 72. 

Lohee | :. Fric, p. 222, fig. 18. 

iC 5 amine es Uljanin, p. 34, pl. VIII, figs. 1-8. 

ney te Palais i Brady, p. 109, pl. XXII, figs. 1-6. 

veyter ay e var. montanus Brady, p. 110, pl, XXII, figs. 7-14. 

1880. “ agilis Rehberg, p. 545. 

1882. “ ‘“« Forbes, p. 649. 


1882. “ serrulatus Herrick, p. 230, pl. V, figs. 1-5; pl. VII, fig. 10. 
1883. ‘“ wpectinifer Cragin, p. 6, pl. LV, figs. 1-7. 
1884. ‘“ serrulatus Herrick, p. 157, pl. O, figs. 17-19. 


1884, “ . var. elegans Herrick, p. 158. 

1885. “ agilis Daday, p. 240. 

1886) 52 ‘“‘ Vosseler, p. 190, pl. V, figs. 29-81. 

LEQ0." +f “  Thallwitz, p. 79. 

Len Me ‘Lande, p. 60, pl. X VII, fig. 69; pl. XVIII, figs. 70-80. 
1891. “ serrulatus Schmeil, p. 29. 

PSO Leak *s sf Richard, p. 234, pl. VI, figs. 6-12. 


1891. ‘ agilis Forbes, p. 710. 
1892. “ serrulatus Schmeil, p. 141, pl. V, figs. 6-12. 
ES93i5).‘ s Marsh, p. 215, pl. VI, figs. 2-5. 

This well known species occurs everywhere i in Michigan waters and with 
the same variations in structure which I have noted in the collections 
made in Wisconsin. (Marsh ’93, pp. 215-216.) 


CyYycLoPs PHALERATUS Koch. 


1838. C. phaleratus Koch, H 21, pl. IX. 
1851. , eanthocar ‘poides inches p. 426, pl. X, figs. 24, 25, 32-88. 


1853.“ Lilljebore, p. 208. 

SEB A A Claus, p. 37, pl. I, figs. 6-10. 
kS63.,.. “‘ P anen i: 102, pl. IV, figs. 1-4. 
Boba. .. Lubbock, p. 202. 


1863. “ phaleratus Sars, p. 255. 
1872. “ canthocai ‘poides Fric, p. 223, fig. 19. 
1874. “ lascivus Pogg enpol, p. 72, pl. XV. figs. 22-24; pl. XVI, figs. 


7 and 8, 
1875. “ phaleratus Uljanin, p. 38, pl. LX, figs. 1-5. 
ia W fs Rs + Brady, p. 116, ‘pl. XXIII, figs. 7-13. 


1882. ‘“ adolescens Herrick, p. 231, pl. VI, figs. 15--20. 
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1883. C. perarmatus Cragin, p. 7, pl. I, figs. 9-18. 
1884. “ phaleratus Herrick, p. 161, pl. R, figs. 6-10. 


T8853) i‘ Daday, p. 252. 

iMate Waal a es Herrick, p. 14, pl. VII, figs. 2, a-d. 
ESSE) . Sostaric, p. 74, pl. IT, figs. 21-22. 

18903) % . Lande, p. 75. pl. XX, figs. 126-136. 

PSOE i) Schmeil, p. 36. 

L891. a Brady, p. 25, pl. IX, fig. 2. 

TSO ff Richard, p. 238, pl. YI, fig. 12. 

bets ae pai a Schmeil, p. 170, pl. VIII, figs. 1-11. 
1398606 i Marsh, p. 216, pl. VI. figs. 6 and 7. 


I have found C. phaleratus in the collections from only three localities,— 
Lake St. Clair, Intermediate Lake, and Twenty-sixth Lake. Very little 
attention, however, was paid in the collections to the smaller lakes and 
stagnant pools, and it is probable that in such localities it occurs generally 
distributed through the State. 


CycLOPS BICOLOR Sars. 
Plate I, figs. 5-7. 


1863. CC. bicolor Sars, p. 253. 

1880. ‘ diaphanus Rehberg, p. 547. 

S840 ss Herrick, p. 160, pl. RB, fig. 12. 
Retell ati re Daday, p. 246. 

1885. ‘“ brevisetosus Daday, p. 255, pl. ITI, figs. 3, 5 and 10. 
1887. “ diaphanus Herrick, p. 16, pl. VII, figs. 3 a-e. 
1886.)).07 : Lande. p. 67, pl. 18, figs. 91-98. 
1891. “ bicolor Schmeil, p. 34. 

1891. “ diaphanus Richard, p. 236, pl. VI, fig. 26. 
1892. “ bscolor Schmeil, p. 118, pl. VI, figs. 6-13. 
gos Se dae Marsh, p. 217. 


IT have found C. bicolor in the collections from three of the Michigan 
lakes—Lake St. Clair, Intermediate Lake, and South Lake on Beaver 
Island. Doubtless more thorough collections from small lakes and stag- 
nant pools would furnish other localities, though this species seems to be 
nowhere very abundant. I have found, in a collection from a lake in 
northern Wisconsin, an egg-bearing female with ten-jointed antenne, the 
fourth and fifth joints of the eleven-jointed variety being united in one. 
Unless this specimen should be considered a monstrosity, we would infer 
that this species can reproduce in either the ten or eleven-jointed stage. 

I have added to the synonomy as previously given C. brevisetosus Daday. 
I do not feel certain of the identity of the two forms, and yet it seems to 
me probable that they are the same. I can not read the Hungarian, but 
from the Latin synopsis and the figures. I can not help thinking that 
brevisetosus is the same as bicolor. The points of difference are the fol- 
lowing. The furca of brevisetosus is longer than in typical bicolor. The 
armature of the swimming feet does not correspond to Daday’s description, 
but the one figure which he gives of a swimming foot closely resembles 
the structure of becolor, and does not correspond to his own description. 
The antenne of brevisetosus are ten-jointed, but they correspond exactly to 
the structure of my ten-jointed specimen of bicolor. In all other respects 
the descriptions agree. 
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EXPLANATION OF PLATES. 


PLATE I. 
Fig. Diaptomus feighardi—fifth feet of female x 340. 
abdomen of male x 195. 
‘e fifth feet of male x 223. 
: fe abdomen of female x 190. 
Cyclops bicolor —abdomen of female x 269. 
antenna of female x 333. 
4 it 10-jointed antenna of female x 325. 
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PLATE II. 
Fig. EK pischura lacustris—antenna of female x 113. 
5 right antenna of male x 113. 
antennule x 113a. 
mandible and palpus x 217. 
second maxillipede x 217. 
first maxillipede x 217. 
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PLATE III. 
Fig. Epischur a lacustris—first foot x 217. 
second foot x 153. 
e $6 fifth foot of female x 217. 
. fifth foot of male x 153. 
abdomen of female x 113. 
15 ss abdomen of male x 113. 
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PLATE IV. 


Hig, 1. di macrurus—right antenna of male x 275. 
: left antenna of male x 275. 


PLATE V. 


L. macrurus—first foot x 275. 

sé % second foot x 275. 

es fifth foot of female x 275. 

A . fifth foot of male x 275. 

: § second and third joints of second maxillipede x 
Dio: 


PLATE VI. 


1 Cyclops ater—abdomen of male x 146. 

2 “ — receptaculum seminis x 1138. 

3. cS “« fourth foot x 113. 

A, ft “11th, 12th, and 18th antennal segments of 
5 

6 

7 

8 


Fig. 
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Fig. 


female x 113. 
fuscus—terminal joints of female antenna x 217. 
ater—terminal joints of female antenna x 217. 
fuscus—terminal joint of endopodite of fourth foot x 
217. 
albidus—terminal joint of endopodite of fourth foot 
x 280. 
9. i ‘ terminal joint of endopodite of fourth foot 
x 280 ) 
10. fe rs antennule x 217. 
11. ‘«  fuscus—antennule, first three joints x 217. 
12. ‘« — ater—outline of cephalothorax of female x 108. 


PLATE VII. 


1 Diaptomus sicilis—fifth feet of male x 140. 
2 Ashlandi—fifth feet of male x 140. 
3 minutus—fifth feet of male x 140. 
A, ‘| ff fifth foot of female x 250. 
5. % oregonensis—fifth feet of male x 140. 
6. is palliidus—fifth feet of male x 200. 
7 x leptopus—fifth feet of male x 1388. 
8 sanguineus—fifth feet of male x 188. 
9 br Birgei—fifth feet of male x 136. 
10. ot sanguineus—terminal joints of male antenna x 136. 
Bl A sicilis—terminal joints of male antenna x 136. 
12. Cyclops brevispinosus—fifth foot x 250. 
13. ‘“  modestus—fifth fopt x 250. 
14, ‘  pulchellus—fifth foot x 250. 
15, “«  Leuckarti—fifth foot x 250. 


PLATE VIII. 


Sketch map of Lake St. Clair and vicinity, showing colloane stations. 
PLATE IX. 
Sketch map of Charlevoix and vicinity showing collecting stations. 
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INTRODUCTION. 


During the summer of 1895 the Michigan Fish Commission entered 
upon a biological study of the Great Lakes by maintaining a party on Lake 
St. Clair. In the report of that two months, written by the director_of 
the laboratory, Professor J. EK. Reighard, are given in full the reasons 
which led to the inception of the undertaking and the aims which its pro- 
moters held in view. A study of the life of the lake in all its manifold 
interrelations and especially of those factors which bore upon the welfare of 
the food fishes in general and the young whitefish in particular were the 
ends sought. On the attainment of these ends depends the determining of 
those conditions most favorable for the fry, and hence the character of the 
places in which they should be planted. Those who may doubt the prop- 
riety of such undertakings as this will find in the report just cited (Reig- 
hard, 95*, p. 1-5) an extended and convincing discussion of the question 
in its various bearings. 

Ever since its establishment by legislative enactment, which named 
specifically ‘‘the cultivation of the whitefish’’ among its duties, the Mich- 
igan Fish Commission has been active in effort in behalf of this impor- 
tant and diminishing food supply. The work of the first year of lake 
investigation on Lake St. Clair had been carried on in the waters of a 
great spawning ground of the whitefish, and it ssemed wise in the second 
year to transfer operations to a locality which was the home of this 
species throughout the entire year, and which afforded hence an oppor- 
tunity of studying it continuously in its natural: environment. The 
absence of Professor Reighard in Europe prevented his taking charge of 
the work, and the writer, who had been his assistant during the previous 
summer, was asked to assume control. The opportunity was all the more 
readily accepted since it was joined with the express desire on the side of 
the Commission that the general aims of the past ba kapt in view and 
that the whitefish be made the object of especial study for the purpose of 
ascertaining definitely the character of its food and the life of the young 
which had been hitherto an absolutely unknown quantity. 

The exact location of the laboratory was a matter of great importance, 
and in company with the superintendent of the Commission, Mr. 8. 
Bower, [ visited the Traverse Bay region. Charlevoix seemed the most 
available location and was selected finally by the Board of Commissioners 
as a center for the summer’s work. A shop on the shore of Round Lake 


was rented and fitted up as a laboratory. An adjacent building, in which 


* References to the papers cited at the close of the report are indicated in this way. 
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was located asmall hatchery of the Commission, furnished abundant 
conveniences in the way of aquaria, and running water for the permanent 
accommodation of fish and larger forms. In this building, which was 
located on u fine dock, were kept the nets, dredges, trawl and other large 
apparatus. The laboratory proper was well equipped with tables for micro- 
scopic work and shelves for books, glassware and other necessities. <A 
couple of tables in the center of the room held small glass aquaria and a 
zinc topped table near the south side afforded an opportunity for such 
work as required running water. Immediately north of the laboratory 
was a small dock from which pure water could be dipped out of Round 
Lake, and where in fact on more than one occasion various young fry 
were landed with a simple dip net. (See Pl. IV.) 

The laboratory was well equipped with glassware, reagents, etc., by the 
Fish Commission, and the various forms of collecting apparatus were also 
provided by them. Most of this was the same as that used the previous 
year and was sufficiently described in Professor Reighard’s report. In 
addition there was used a small trawl of six feet beam and a new form of 
towing net for surface work, known as the ‘‘torpedo.’’ The trawl was of 
the ordinary type and the terpedo net is described elsewhere in this report. 
A rake dredge of the type ordinarily employed in marine work wes made 
for our use and proved highly satisfactory in many localities. To the 
University of Michigan the party was indebted for the loan of numerous 
microscopes and accessories, various laboratory apparatus and finally an 
extensive library of special literature. Especial thanks are due the Uni- 
versity authorities for their cordial cooperation in the underaking. 

Small boats served the purposes of the party for the preliminary work 
and for occasional short excursions. Later a sailing boat of some size 
was tried for work on Lake Michigan, but proved too uncertain for con- 
tinued use, and for the extended trips on the lakes in connection with the 
plankton work of the last three weeks a small fishing tug was chartered. 
This was the ‘‘Minnie Warren,’’ of 13 tons capacity. Her captain, John 
O’Neil, has been a successful fisherman for many years and is well 
acquainted with all the shoals and reefs of the region on which fishing is 
or has been profitably pursued. We were thus enabled to ascertain the 
exact location of exhausted fishing grounds and to make collections on 
them for comparison with material obtained from other points. In gen- 
eral, only single day trips were made, but on one occasion a longer trip of 
three days to Beaver Island was planned. The first day was spent in 
making collections at various points en route. It had been planned to 
investigate the fishing grounds near the island on the second day and 
return the third by a different route, but a severe storm on the second day 
upset our calculations and forced us to spend the larger part of the second 
day in harbor and on the island, and to condense the work of the second 
and third days into the last. The route of the party may be followed on 
the map by the numbers of the plankton stations; ix to xiii were made 
the first day; the night was spent in the harbor at the northern end of 
the island; xiv was made the second day before the storm broke, after 
which we returned to the harbor for a compulsory stay of 24 hours, and 
xv to xvii were stations on the return route of the third day. On the first 
day some of the party were landed at the lower end of the island and 
visited the small inland lake there, and on the morning of the third day, 
while it was yet too rough for work outside, a trip was made to the lake 
in the northern part of the island. Collections were taken from these 
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lakes for comparison with material obtained in the big lake and in the 
waters of the muin land. This trip afforded much valuable evidence on 
the present condition of the whitefish grounds, some of the best of which 
in this entire region were visited and studied. On one other occasion, 
the day set for work in Grand Traverse Bay, we were overtaken by a 
storm and compelled to return without accomplishing the object of the 
trip. Otherwise the work suffered no interruption from bad weather. 

The laboratory was opened June 28, when three only of the force were 
present. Two arrived but a few days later, and these five continued at 
work until September 1. Their names, and the special part of the work 
to which the attention of each was devoted, are appended: 

Professor Henry B. Ward, University of Nebraska, Lincoln, director; 
quantitative work, and worms. 

Professor C. Dwight Marsh, Ripon College, Ripon, Wis. ; vertical dis- 
tribution and Copepoda. 

Dr. Charles A. Kofoid, instructor in zoology, University of Michigan, 
Ann Arbor; Protozoa. 

Dr. Robert H. Wolcott, instructor in zoology, University of Nebraska, 
Lincoln; Hydrachnida and Insecta. 

Mr. Herbert S. Jennings, assistant in zoology, Harvard raeereue 
Cambridge, Mass. ; fishes and Rotifera. 

The following gentlemen who were with the party about a month ren- 
dered very valuable assistance in their special line. To some extent they 
were enabled to examine material collected at other times by various 
members of the party: 

Professor Edwin A. Birge, University of Wisconsin, Madison, Wis. ; 
vertical distribution and Cladocera. 

Mr. H. D. Thompson, instructor in natural science, Moline High 
School, Ill. ; plants. 

Mr. Bryant Walker, Detroit, Mich. ; Mollusca. 

It is scant acknowledgment of continued aid and encouragement to say 
that whatever results the work may have yielded are due to the efforts of 
these gentlemen. All of them worked under great disadvantages, but 
with an enthusiasm which begets success, and their best services were 
offered without compensation in the cause of science. More than this 
some of them brought to the work of the summer expensive pieces of 
apparatus without cost of any kind to the Commission. Thanks are 
especially due to Messrs. Birge, Marsh and Walker for such courtesies. 
It is only fair to Mr. Thompson, who had charge of the botanical part of 
the work, to say that he joined the party at a very late date and most 
unexpectedly, to fill a vacancy, so that he was handicapped by lack of 
knowledge of the region and of the early work of the party, and was fur- 
ther hindered by poor health during his stay in Charlevoix. In spite of 
all these disadvantages he did a large amount of work as shown by his 
report appended hereto. 

Valuable assistance in the work of identifying the alge was given by 
Mrs. Prudence W. Kofoid. Dr. R. Halsted Ward, Troy, N. Y., was 
with the party for the last of the season and assisted in the botanical 
work. After the laboratory closed he voluntarily spent an entire week 
making collections at various points on the system of connecting lakes in 
the extreme northern part of the peninsula (see map). These were sent 
to various members of the staff and were of great value for, comparison 
with the data obtained at Charlevoix. The various stations at which he 
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made collections are indicated on the map by arabic numerals; from 
these the considerable extent of this assistance may easily be estimated. 

The laboratory was honored by numerous visitors, including some 
scientific men of prominence, who made stays of varying lengths while 
investigating special problems. Professor W. A. Locy, of Lake Forest 
University, spent some time there in researches on fish embryology, and 
Professor C. K. Wheeler, of Michigan Agricultural College, was called to 
Charlevoix by the discovery of a member of our staff that the Russian 
Thistle was growing in the vicinity of the laboratory. This was the first 
reported occurrence of this pest in the lower peninsula. But a small 
number of plants were found, these in a limited area near the shore and 
not yet mature. Their timely destruction undoubtedly prevented the 
species from obtaining a foothold in the region and saved the State a 
considerable expense for its eradication. Miss Weidemann, of Michigan 
University, also spent some time in the laboratory, being engaged in the 
study of various fish fungi. 

Mr. Dwight Lydell and Mr. Jesse P. Marks, old and skilled employés 
of the Fish Commission, devoted their time and energy to assisting the 
work of the party in various ways. The collections of parasites and of 
tish stomachs were particularly due to their efforts. 

Collections were made and sent to the following persons, who have 
agreed to report upon the same: 

Dr. G. Eisen, San Francisco; Oligocheta. 

Dr. R. Blanchard, Paris, France; Leeches. 

Dr. W. McM. Woodworth, Harvard University; Planarians. 

Dr. C. B. Davenport, Harvard University; Bryozoa. : 

During the first five weeks the energies of all were devoted to qualita- 
tive work on the flora and fauna of the waters. Tows at surface and bot- 
tom were taken and examined in the morning, and the afternoon was used 
for collecting trips to various points. In this way there was obtained a 
general picture of the life, first in Round Lake on which the laboratory 
was located, then of Pine Lake and finally of Lake Michigan. Lists were 
kept of the forms identified, and for this purpose the blank reproduced 
by Reighard (p. 10) was employed. It should be said that this collective 
blank, which has been in use for years at the Agassiz Marine Laboratory 
in Newport, is a form compiled and introduced by Dr. W. McM. Wood- 
worth, of Harvard University. The season at Charlevoix was the second 
year of its use for lake work, and it has continued to answer its purpose 
admirably and with very little modification. The blank for recording 
parasites and that for individual species, given by Reighard (p. 9), were 
also used at Charlevoix. During our stay it was customary to send some 
one of the assistants out on fishing tugs from time to time, and to secure 
in that way specimens of various fish for investigation; the stomach con- 
tents of a large number and the parasites of others were obtained and 
preserved for study. 

While the party was thus engaged in recording the mutual relations of 
the life in the waters, information was secured at the same time as to the 
character of the waters, of the fishing grounds and of the fish supply. All 
these were made the basis of the last three weeks work, the quantitative 
plankton studies, which are treated in detail later. 

To the United States Fish Commission, through Commissioner Mar- 
shall MacDonald, the party was greatly indebted for the loan of valuable 
apparatus. At the request of President Whitaker, of the Michigan Board, 
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Mr. MacDonald sent for use in Charlevoix a Tanner deep sea sounding 
machine* of improved pattern, a Sigsbee water bottle, and a set of 
Negretti and Zambra deep sea thermometers*, with Tanner improved 
thermometer cases and accessories. This apparatus was in constant use 
on our trips; by means of it the depth of all stations was measured, and 
the temperature of the water taken at bottom and surface. It proved 
convenient, prompt in action and was invaluable for our work. The only 
step necessary in rigging it in the fishing tug was to bore a hole of 
proper diameter in the side rail, fit a step on the deck below to hold the 
foot and run guy lines in two directions from the apex of the instrument. 
By a movement of the hand it could be turned out over the rail ready to 
use or brought back into a resting position. After the return of the 
apparatus, Commissioner MacDonald had a table constructed for calculat- 
ing the readings of the register on the sounding machine, and sent the 
table for use in connection with the records of the summer. The sincere 
thanks of the party are-‘due to Commissioner MacDonald and the United 
States Fish Commission for the courtesies thus extended to us. 

In connection with the search for young whitefish it was of advantage 
to have specimens for comparison, and Messrs. Smethurst and Thompson, 
of Warren, Ind., were kind enough to send a number of specimens raised 
in their fish ponds. The approximate size of the fish at a certain age, 
and its general appearance, were known to us in this way. For these 
specimens sent gratuitously in the interests of fish culture our thanks are 
due the firm. 

While in Charlevoix the party was in receipt of a large number of 
courtesies from various sources. To acknowledge them in detail would be 
impossible here. They helped the work materially and aroused in mem- 
bers of the party a friendly feeling towards the place and its residents 
which will not soon be lost. 


ene ea description of the apparatus may be found in Report U.S. Fish Com., 1883, p. 57-76, plates 
0 89, 

Notx.—I feel that an apology is due to the Commission, and no less to the various members in the 
party for the delay in the appearance of the final report. For this I am alone responsible and can only 
eay that the delay has been entirely unavoidable. 


LAKE MICHIGAN. 


Lake Michigan stretches from 41°40’ to 46° 5’ north latitude, and 
from about 85° to about 88° west longitude; its surface lies at an elevation 
of about 600 feet above the sea. The lake has the form of an elongated 
oval extending in general north and south, but the narrower northern end 
curves decidedly towards the east, so that the western and northern shores 
form with the continuous shore of Lake Huron a nearly regular semi- 
circle. The extreme length of the lake is about 345 miles; its width is 
greatest opposite Grand Haven, being there 85 miles and decreasing 
slightly in both directions, more towards the northern extremity of the 
lake. At its northeastern end the Straits of Mackinac connect with;Lake 
Huron by an open passage 8 miles wide. 

Lake Michigan averages 400 feet in depth, and in some places reaches 
the extreme of 900 feet or more. Its area is variously given as 22,400 to 
25,600 square miles, making the total volume reach 262,500,000 millions 
of cubic feet, according to one computation.* This enormous volume 
assures comparative stability of the entire mass since the total inflow, and 
consequently also the outflow are very small in comparison. It is impos- 
sible to measure the outflow on account of the size of the Straits of Mack- 
inac and the variability of the flow in them, which depends upon changes 
in conditions of wind and weather to such an extent that at times the 
outlet is the seat of a powerful current setting inwards. The inflow is 
equally difficult to measure, since the tributaries of the lake are none of 
them rivers of any size, but innumerable small streams, in which the flow 
is not only extremely variable at different seasons, but is also in most 
cases entirely unmeasured. 

One method of estimate yields, however, results which show clearly the 
minimal amount of the change even under the most favorable circum- 
stances. The entire area of the drainage basin of Lake Michigan is given 
as 70,000 square miles, and according to the same authority; the lake cov- 
ers 23,400 square miles of that amount, or the area of the entire basin is 
only three times that of the lake itself. The normal rainfall of the region 
is given by the tables of the U. S. Weather Bureau as from 32 to 36 inches 
per annum.{ A yearly precipitation of 35 inches, which is more than the 
average for these places and certainly not less than the normal for the 


* Not only do various authorities differ widely in the figures given, buat in Reclus (90) from whom these 
statistics are quoted, there stands in the table, p. 250, area, 25,600. depth 870, elevation 595, while the sta- 
tistical table of the appendix to the same volume (p. 464) gives the figures as 22,400, 700, and 576. 

t+ Encyclopedia Britannica, [X Ed., article on St. Lawrence. 
{Green Bay, 33; Milwaukee, 32.2; "Chicago, 85; Grand Haven, 35.6 inches. (Report of Chief of the 
Weather Bureau for 1891-92, pp. 444-5, ] 
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entire region, would mean a total of three times that amount, or 105 
inches, if all of it were conserved and reached the lake. According to 
the investigations of Russell (88), the annual evaporation from free 
water surfaces, in this latitude varies from 20 inches at the head of the 
lake to 34 inches at its southern end, or about 27 inches for the average 
of this area. Deducting this and regarding the evaporation from the land 
and from the streams en route to the lake as nil, we find that the level of 
the lake would be raised 78 inches, or 64 feet, by the total annual rain- 
fall. Of course the amount of outflow in any single year is dependent on 
other factors as well as the rise in level by additions from the surrounding 
country, but on the average the amount gained by inflow and the amount 
lost by outflow in a single year are equal. The total change in volume 
during a year is then six and one-half feet; or, on the basis of an average 
depth of 400 feet, it would require 62 years to change the entire volume 
of the lake. This is certainly too much, since the loss by evaporation 
from the land and from streams in transit is a considerable percentage of 
the total. I am unable to find any definite information as to the amount 
lost in this way; if, however, it equals one-third the loss from free water 
surfaces, the deduction for an area equal to the lake would be 9 inches 
yearly, for double that area 18, which deducted from the figures given 
above would make the annual gain of the lake 5 feet. This would mean 
a change of one-erghtieth of the entire volume in one vear. The actual 
change is probably somewhat less than this. Under these conditions one 
may justly regard the volume of the lake as stable and as such sharply in 
contrast with those which obtain in those lakes which have hitherto been 
the object of biological investigation. In Lake St. Clair, which represents 
perhaps the other extreme, the inflow and outflow are sufficient to change 
the entire volume of water in the lake in less than six days. 

Uniformity of distribution within the lake is brought about by the con- 
stant currents. These have been the subject of especial investigations by 
the U. S. Weather Bureau and the surface currents of the Great Lakes 
are given in areport by Harrington (95). From the chart of Lake Michigan 
in that atlas it appears that a general southerly current runs parallel to 
the west shore, a short distance from it, and a northerly current returns, 
the length of the lake, close to the eastern coast. In the southern end of 
the lake these currents form parts of a circular movement of which the 
upper cross current is below Grand Haven. Somewhat further north 
a broad indefinite stream sets from the western to the eastern longitudinal 
currents and near the upper end of the lake a whirling current surrounds 
the Fox and Beaver Island group. The northerly current does not seem 
to pass out through the Straits of Mackinac, through which the water 
runs in both directions at various times and under various conditions of 
wind and weather, but it is reflected towards the western shore. In 
velacity the currents vary from at least 4 to 20 miles a day, while in the 
extreme case it may reach 40 to 90 mileg in the twenty-four hours. The 
movements of these currents produce then a circulation within the lake 
itself, and constitute an extremely important factor in the distribution of 
the life in the water. In addition to these regular currents there are also 
the irregular movements of the water due to winds and the so called tidal 
waves or setches, both of which contribute to produce uniformity of 
distribution. 

The lake shore presents a great diversity of physical features. At the 
southern end the shores are flat, sandy and entirely free from outlying 
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islands; towards the north they become higher, rocky and jagged while 
the sharp prcemontories are continued into extended reefs and series of 
islands, some few of which even attain a very considerable size. Along 
the lower half of the lake the shore is entire or at most faintly indented by 
long sweeping curves, but northward one finds numerous deep bays 
and sharp promontories. ‘Two great bays face each other on opposite 
shores of the lake near its upper end, forming the most prominent breaks 
in the entire shore, and so located as to apparently balance each other. 
Green Bay on the Wisconsin shore is somewhat larger than Traverse Bay, 
its counterpart on the Michigan side, but the latter is noteworthy for its 
extreme depth. Both of these bays have long been famous fishing 
grounds, and the waters of the Traverse Bay region still continue to furn- 
ish an important part of the whitefish supply. It seemed wise to carry 
on the work from some central point in this region and Charlevoix was 
selected as the site for the Jaboratory. ._The town (see map) is located on 
the eastern shore of Lake Michigan, midway between Grand Traverse and 
Little Traverse Bay. The Beaver Island group which lies to the north- 
west is connected to the mainland by the ‘‘ten fathom’’ line, which marks 
out roughly the limits of an old peninsula that made this portion of the 
main lake a bay in former times. The northward current of the lake 
already referred to sweeps up through this region and circles around the 
islands. Though the opening between the islands and the mainland 
through which it runs is less than ten fathoms (18m.) deep, the path fol- 
lowed from the southward is marked by a sublacustrine valley of con- 
siderable depth. Stations xi and xvii which lie about in the line of this 
depression show a depth of 112 and 130 meters, respectively. : 

A pier of some length terminated by a lighthouse marks and guards the 
entrance to a small channel which joins Lake Michigan to Pine Lake, one 
of the largest bodies of water within the lower peninsula of Michigan. 
Midway in the course of the stream is Round Lake, a nearly circular 
sheet of water half a mile in diameter, the shores of which are lined by 
the docks and crowned by the houses of Charlevoix. Here was located 
the laboratory at the very edge of the water and within easy reach by boat 
of both the main lake on the west and Pine Lake on the east (PI. 1V). The 
advantages of the situation were unsurpassed for the work in hand. The 
numerous small lakes in the surrounding country afforded every advant- 
age for easy comparison of life in ponds, among which were many well 
stocked with game fish, with life in Jarger bodies of water. Pine Lake, 
with its 96 miles of shore line furnished wide variations in depth and 
character of bottom, while Lake Michigan in the immediate vicinity pre- 
sented areas of open water and well protected bays, shallow and deep 
water, with sand, cobble stone and rocky bottom. There were not want- 
ing areas generally believed to be spawning places for the whitefish, nor 
fishing grounds of present and past repute, so that it was possible to find 
within comparatively narrow limits the factors necessary to be compared 
in attempting to begin the solution of the whitefish question. 

I was unable to ascertain the exact length of shore line presented by 
Lake Michigan and hence could not calculate precisely the absolute’and 
relative shore development. Estimates made from the government chart 
show that both are decidedly less than the figures given for Lake St. 
Clair by Reighard (p. 12). The area of shallow water is still further 
limited by the comparative steepness of the shore. The ten fathom{line 
(18m.), as drawn on the chart, leaves an extremely narrow margin of 
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shallow water; and yet the limit set by this line is three times that of the 
deepest point in Lake St. Clair. The influence of the limited shore line 
and of the insignificant shallow littoral region on the conditions of exist- 
ence will be discussed elsewhere in the report. 


FLORA AND FAUNA. 


In general it may be said that the number of species‘ found in the 
waters of the Charlevoix region was not so great as from Lake St. Clair 
the year before. Reighard reports a total of 623 species from the latter 
place, while the total number recorded from Charlevoix was only about 
500, although an equally careful search was made. The most noticeable 
difference, in the number of species of plants recorded, was due in part 
to the short time which Mr. Thompson spent in Charlevoix. Some facts 
of importance concerning the various groups may be recorded in this 
connection. 

PLANTS: Of the larger plants so abundant in Lake St. Clair and in 
the smaller inland lakes it was evident at an early period in our work that 
their relative scarcity exercised an important influence in limiting the 
littoral fauna of the lakes. Reighard shows that the yield of the larger 
_ plants in a lake is dependent upon the amount of shallow water. To this 
may well be added as a second important factor the permanency of the 
shore, the littoral area. If, owing to storms or currents, the bottom of 
the shallow area is continually shifting, or if the beach is disturbed at 
each storm by the heavy waves rolling in from the deep water,. there is 
little chance for the development of shore plants or such as grow in 
shallow water. And as a matter of fact the only considerable bed of 
larger plants which was encountered in Lake Michigan, occurred in the 
sheltered High Island Harbor. (PI. V, station xv.) 

These two factors serve to explain the limited development of the larger 
plants in the Charlevoix region, and the casual visits paid by members of 
the party to inland lakes in the vicinity which resulted in the discovery 
of much crowded masses of shore and bottom vegetation in those smaller 
and shallower lakes, go to strengthen the force of the conclusion. Ido 
not feel sure that the deficiency in the group of filamentous alge noted 
by Mr. Thompson in his report appended to this paper, can be explained 
on the same ground alone, but certainly these factors are of some import- 
ance in this connection also. 

Among microscopic plants Mr. Thompson calls attention also to the 
entire absence of Desmidize* from the waters of Lake Michigan and also 
from those of both Round and Pine Lakes. The Diatomaceze were, how- 
ever, extremely abundant, both in species and in individuals, and were 
according to Mr. Thompson’s observations most plentiful in the deep 
towings. This may be due possibly to the great transparency of the water. 
A more detailed account of the plants, together with a list of the species 
determined and data on the distribution of various forms may be found in 
the report of Mr. Thompson (Appendix I, p. —). The amount of material 
collected is actually very large if it be remembered that Mr. Thompson was 


* Two species of rare occurrence were recorded at the laboratory during the summer. 
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- called in at a late date to fill a vacancy in the party, that he was able to be 
with us only a few weeks, at the end of our stay in Charlevoix, and that he 
had to contend with numerous difficulties apart from the brief time at his 
disposal. ) 3 
In addition to those found by Mr. Thompson, the following species of 
microscopic plants were recorded at the laboratory during the summer. 


Anabaena flos-aque Kg. 
Cocconeis transversalis Greg. 
Cyclotelia operculata K. 
Eurastrum wmerme Lund. 
Gomphonema acuminatum Ehr. 
Merismopidia convoluta. 
Navicula major K. 

maxima. 

producta 8. 
Pediastrum beryanum. 
Stephanodiscus niagare EK. 
Treyblionella scutellum Smith. 


ANIMALS: The following notes on various groups of animals are 
deserving of special mention or of particular explanation in this conneo- 
tion. A list of the groups represented in fresh water, together with the 
common names of these groups is given by Reighard (p. 16). 7 

Protozoa: A very full report on this group by Dr. C. A. Kofoid is . 
appended (p. —). These forms constitute one of the chief elements of the 
plankton, furnishing as they do the simplest animal food and being one 
immediate source of food for the smaller crustacea which in turn become 
the prey of various fishes, they are an exceedingly important factor in fish 
economy. This was pointed out by Ryder (81), who, however, regarded 
the Protozoa only as an indirect source of the food of fishes. They are 
indeed important from this standpoint alone; but the work of Peck (94) 
establishes the value of the Protozoa and Protopbyta of the plankton in 
one case at least, as a direct source of food supply also. Thus far no 
fresh water fish is known to have similar habits, but investigations should 
be made as to whether the same is not true to some extent at least of our 
lake herring. It is interesting to note the confirmation in Dr. Kofoid’s 
report of the absence of.a littoral zone, and the freedom from shore mix- 
tures of Lake Michigan plankton, as shown by a study of the protozoan 
representatives. The number of species which are characteristically 
limnetic is large here, being eighteen for Lake Michigan, as compared 
with thirteen in Pléner See and seven in Lake St. Clair. These forms 
are widely distributed and none of the species seem to be exclusively 
characteristic of this region. The list of species would have been con- | 
siderably extended, except that our attention was confined chiefly to a 
study of the plankton, while collections from the shores and from the 
inland lakes were obtained only casually. 

oelenterata: No fresh water sponges were found in the lakes at 
Charlevoix. Both the white and the green Hydra were met with occa- 
sionally in bottom tows. Their comparative rarity is unquestionably due 
to the scarcity of vegetation to which they ordinarily attach themselves, 
since in the collections brought back from the inland lakes north of Charle- 
voix by Dr. R. H. Ward they were exceedingly numerous. In some bot- 
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tles from that region the white Hydra was found in such numbers as to 
constitute the bulk of the material in the entire haul. 

Worms. a. Turbellaria: (Non-parasitic flat worms.) The follow- 
ing species were found on alge collected from the old channel, Round 
Lake: 


Mesostoma viviparum Silliman. | Muicrostoma lineare Or. 
Vortex sp. | variabile Leidy. 


An unidentified form occurred once or twice in the bottom tow and four 
vials of specimens were set Dr. W. McM. Woodworth for identification. 
He reports two species found in the vials, Vortex armiger O. Schmidt, 
and Mesostoma n. sp. described later in this report together with other 
data on this group. (App. IV.) 

b. Parasitic Worms: A total of 1410 parasites were obtained from 
115 specimens representing eighteen species. These included Coregonus 
artedi, C. clupeiformis, C. prognathus, C.quadrilateralis, and Salvelinus 
namaycush. The whitefish and trout were in some cases badly infested 
with tapeworms and EKchinorhynchi; but on the average there were fewer 
parasites than in the fish from Lake St. Clair examined the year before. 
A single free specimen of Mermis and a few of Gordius were taken from 
Round Lake and Lake Michigan respectively. 

c. Oligochaeta: These worms were not so frequently met as in the 
Lake St. Clair work. A small collection, comprising 6 vials of alcoholic 
specimens, was sent by Dr. Hisen for identification. The relative scarcity 
was due no doubt to the scanty littoral and bottom vegetation, on which 
they are commonly abundant and from which certain species were col- 
lected in large numbers in Lake St. Clair. 

d. Hirudinea: The leeches were represented by several very large 
species, and numbers of other forms, all of which are in the hands of 
Professor Raphael Blanchard, who will make a report on them in detail. 
One very interesting striped form, Jchthyobdella punctata Verrill, was 
present in large numbers on the fish lifted in gill nets. They attack 
mostly whitefish and are found in abundance. Thousands are strewn over 
the nets, boxes, and even the deck itself when the seine is hauled in. 

e. Bryozoa: In dredgings made on the Middle Ground, Traverse bay, 
at a depth of from 23 to 386 m., a considerable number of colonies of these 
forms were collected. With them were dredged scanty filamentous alge. 
The Bryozoa were submitted to Dr. C. B. Davenport, of Harvard Univer- 
sity, who very kindly determined them. He reported that Paludicella 
Ehrenbergvi van Ben. and F’redericella sultana Blumenbach, were abund- 
antly and typically represented in the mass sent him, and that the stocks 
were evidently living when found. Cristatella mucedo Cuv. was repre- 
sented by a part of a statoblast only which had undoubtedly floated down 
from a higher level. The first two species are an interesting addition to 
the deep water fauna of the lakes, and I think the deepest recorded occur- 
rence of Bryozoa in fresh water. Agassiz (‘‘Three Cruises of the Blake’’) 
records marine forms from a depth of nearly 900 m. 

The forms mentioned above were also obtained from ‘‘honey comb”’ 
rock brought up in gill nets from about the same depth in the vicinity of 
the reef between Charlevoix and Beaver Island. (See map, station ix). 

f. Rotatoria: These forms constitute an important part of the micro- 
scopic fauna of the Jakes. One hundred and ten species were reported in 
1893 from Lake St. Clair. Last summer only ninety-four were found in 
the entire Charlevoix region, and but fifty-eight of these occurred in Lake 
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Michigan or in the immediately connecting waters of Round and Pine 
lakes. The limnetic (pelagic) species were well represented, being in 

number only three less than the true limnetic species of Lake St. Clair, 

but the absence of shore and bottom vegetation precludes the development 
of the large number of littoral and bottom forms found in smaller and 
shallower lakes. Thus only eight bottom species in all are reported from 
Lake Michigan. Mr. Jennings, in his report on these forms, printed as an 

appendix, calls attention to some biological facts of great interest, such as 
the accumulation of the Rotifers near the surface in the day time and the 
rapid variations in the number of individuals and in the ruling species of 
the plankton. Out of the ninety-four species recorded twenty are new to 

Michigan and one new to science. 

Crustacea: Of this class the following orders were represented in 
material obtained at Charlevoix. These forms constitute the most impor- 
tant element of fish food and are found in large numbers in the shore, the 
bottom and the limnetic faune. 

a. Cladocera: Between twenty-five and thirty species of these forms 
were taken at Charlevoix. They were most abundant in the smaller 
inland lakes, no less than twenty species being recorded as the result of a 
half day trip to Twenty-Sixth lake. In the larger lakes they form a less 
important element of the faunz. No detailed report on the number or 
frequence of these forms has yet been made. 

b. Copepoda: A special report on this group has been published 
(Marsh, 95), from which a few quotations are made here. ‘‘From the 
standpoint of the pisciculturist, perhaps no class of animals outside the 
fishes themselves is so important and interesting as the EKntomostraca. 
It is a well known fact that these minute crustacea form the entire food 
material of the young of some of our most important food fishes, and in 
many cases constitute a large part of the food of the adults.’’ 

With reference to the representatives of this group in the Charlevoix 
region, Marsh says (p. 4), ‘‘It is interesting to note the greater richness 
of the copepod fauna of our lakes as compared with those of the conti- 
nent of Europe. Zacharias finds seven species of copepods belonging to 
the Cyclopidee and Calanidz in the Pléner See. In Lake Michigan there 
are nine, and that includes no littoral species; in the two lakes on Beaver 
Island there are eight, in Pine Lake nine in Round Lake eleven, in Inter- 
mediate Lake eleven, and in Lake St. Clair sixteen. The larger number 
in Lake St. Clair is probably explained by the fact that, being very 
shallow, it has the species of the smaller bodies of water und of the stag- 
nant pools, and in addition, because of its connection with the Great 
Lakes, has also their limnetic species. 

‘*Pine Lake is peculiarly poor in its number of species; this is strik- 
ingly apparent when we compare it with Intermediate Lake. Pine Lake 
was very thoroughly examined, and it ia likely that we are acquainted 
with all the species occurring there, and yet the number is only eight. 
All the collections from Intermediate Lake were made in one day by a 
party which went down from Charlevoix and remained only a few hours, 
and yet the number of different forms is eleven. Intermediate Lake 
seems to be an usually rich collecting ground, for, with the exception of 
Lake St. Clair and Round Lake, no other lake shows such a large number 
of species, and both Lake St. Clair and Round Lake have been very 
thoroughly explored. Moreover, in the case of Round Lake, several of 
the species may be considered as immigrants from Lake Michigan.’’ 
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In a letter of recent date Professor Marsh says: 

‘‘There are no characteristic species in Lake Michigan at Charlevoix, 
as the fauna of the Great Lakes is, so far as I can make out, identical. 
Lake St. Clair has some stagnant water forms in addition to those com- 
monly found in the lakes. From the stations about Charlevoix I have 17 
determined species. There was besides at least one species of Hrgasilus, 
one or more of Canthocamptus, and the parasitic forms which I have not 
worked out at all.”’ 

In the report referred to above are given a table of distribution and 
keys for determining the various species in the groups which are found in 
Michigan. For further details the original should be consulted. 
® ¢. Ostracoda are not uncommon in Round and Pine lakes, they are 
not, however, sufficiently numerous to be an important element of the 
plankton. The species obtained have not been determined as yet. 

dad. Amphipoda: There are two species of amphipods which are char- 
acteristic in their distribution. Hyallella dentata Smith is found in 
large numbers along the shores of Round Lake (Pine Lake?), and the inland 
lakes. It was not reported from Lake Michigan though it may well be 
present in the immediate vicinity of the shore. In deep water its place 
is taken by Pontoporeia Hoyt Smith which came up in every haul of the 
dredge, and was frequently present in enormous numbers. ‘This species 
forms one of the chief sources of food for various species of whitefish. 
(See p. 21.) 

e. Podophthalmia: The Stalk Eyed Crustacea are represented by 
shrimp-like forms and by the crayfishes. A. single species of the first, 
Mysis relicta Lovén, occurs in Lake Michigan in deep water; from 24 to 
130 m. (the deepest station) it was abundant everywhere that we tried the 
dredge. On one occasion a bottom tow with the runner net brought up 
a large number of individuals which were kept alive in a pail for a time, 
but soon died, perhaps on account of the rise in temperature of the water. 
They are among the most transparent and active of fresh water Crustacea 
and yet furnish much the largest percentage of whitefish food afforded by 
any one species (see tables p. 21). For themselves they appear to rely 
largely upon the Copepods of the plankton for food. In spite of their 
abundance we did not take a single immature form in our nets. 

Two species of crayfish, Cambarus propinquus Ger., and C. wirilis 
Hagen, were found both in the main lake, and in the connecting waters 
of Round and Pine lakes These species came up in large numbers on 
the gill nets of the fishermen and were taken in the trawl as well as caught 
in shallower water along shore. They furnish an important element of 
the food of the larger fish. 

Hydrachnidw: The water mites seem to be very abundant at Charle- 
voix. With reference to the group Dr. Wolcott reports: 

“Of Hydrachnide, to which very careful attention was devoted, owing 
to personal interest in the subject, 43 species were taken belonging to 16 
genera; of these 23 species and 4 genera were not represented in the col- 
lection from Lake St. Clair. Numerous specimens of a mite identified in 
the previous collection as a species of Oribatidze, were also obtained. ”’ 

Insecta: A disappointingly small number of forms both in species and 
individuals was found in Charlevoix waters. The absence of the littoral 
and bottom vegetation, which in Lake St. Clair afforded shelter and sup- 
port to a host of larvez, evidently uccounts for the deficiency in this 
respect. That this was clearly the cause became apparent on the cursory 
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examination of the smaller inland lakes of the region which sheltered 
among the littoral and bottom vegetation countless larve. No attempt 
was made to collect or include in the list these forms from the smaller 
lakes. With the scarcity of insect Jarvee goes hand in hand the absence 
of those fish which depend largely or entirely upon these forms for food, 
and which were abundantly found in Lake St. Clair. Dr. Wolcott listed 
77 species from Charlevoix, determined as follows: Odonata 9, Ephem- 
eride 7, Perlide 1, Phryganide 13, Hemiptera 6, Coleoptera 18, Lepi- 
doptera 3, Diptera 20, and adds concerning them ‘‘To these must.be added 
a number of species of aquatic habits during a whole or part of their 
existence which were, however, collected not in towings or dredgings, but 
only in the adult state; these are sufficient to bring the total list of aquatic 
forms observed up to considerably over a hundred. It was to be expected 
that the experience of the previous year at Lake St. Clair would have ren- 
dered possible the collection of a still larger number of species, but the 
conditions were to some extent unfavorable. Both Pine and Round Lakes, 
deficient as they were in vegetation, exhibited an equal deficiency in the 
number of species of insects, although the Jatter were present in consider- 
able numbers wherever vegetation occurred, as it did at some points. 
Shallow pools along the shores of Pine Lake supported an abundant 
fauna, but since they hardly came within the territory embraced in the 
scope of the party’s work, no extensive collections were made from them, ’’ 

‘‘Dredgings from Lake Michigan in moderate depths, especially when 
over beds of Chara, etc., brought to light a considerable number of 
insects which were in no wise peculiar. Very interesting, however, was 
the occurrence on cne occasion of a species of Nemoma, one of the Per- 
lidee, in the deeper parts of the lake in the vicinity of Charlevoix.’’ 

Mollusea: This group was very thoroughly studied by Mr. Bryant 
Walker whose report is found in appendix V. I would call attention here 
to his remarks on the scarcity of the large bivalves which are an unim-. 
portant element of fish food and the universal abundance of the smaller 
forms, both univalves and bivalves, which constitute so impartant a factor 
in the food supply of the lake fish. (See tables p. 21). While Mr. 
Walker calls especial attention to the large number of forms found in 
beds of Chara, it is equally true that the surface of the boulder covered 
areas of bottom, so plentiful a short distance off shore in that part of 
Lake Michigan appears peppered with small snails; and together with 
crayfish they constitute the chief animal forms taken in dredgings in this 
region. These univalves subsist in large part on the minute alge derived 
from the plankton, while the bivalves are entirely dependent upon this 
source for their food supply. Here there is then but one intermediate 
stage between the life of the plankton and the whitefish. Mr. Walker 
also notes the poverty of the molluscan faunain Pine Lake. Details with 
reference to the various species and their distribution are to be found in 
the appendix. It is not too much to say that no group was more thor- 
oughly and accurately worked up than this and the importance of these 
data for the whitefish investigation is apparent on examination of the 
tables of whitefish food, already mentioned. 

Vertebrata: Water birds are not as common on the lake as they were 
at Lake St. Clair and turtles were found only in the smaller inland waters. 
Ampbibians were not noticed in Lake Michigan at all and were rare in 
the other waters examined. Only asingle specimen of the ‘‘mud puppy ”’ 
(Necturus maculatus Raf.) was found, and that in the old channel 
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between Round and Pine lakes. This species is extremely abundant in 
Lake Erie and Lake St. Clair and destroys an enormous number of white 
fish eggs, the Necturi taken in the Detroit river in the fall being gorged 
with the freshly laid eggs. The apparent rarity of the form further north 
is hence fortunate. 

The following list shows the species of fish taken in various places as 
indicated: ©, old channel between Round and Pine lakes; M, Lake 
Michigan; P, Pine Lake; R, Round Lake, (Pl. IV). The list is by no means 
complete since particular attention was paid only to the important food fish 
and to smaller forms captured by chance in the search for young white- 
fish. The identification of the smaller forms was made by Mr. Jennings, 
while we worked together on the various species of Coregonus. We had 
determined the Lake Michigan ‘‘Long Jaw’’ as an undescribed species, 
and it was only in the fall that on receipt of the paper by Smith (94) I 
saw it was identical with his species C. prognathus. 


Scientific Name. Cummon Name. Locality 
Ambloplites rupesiris (Raf.) .__---- Rock ass.) seo ole R. 
Ameiurus melas (Raf.)_._--------- DOLLA Sh oxo gees eh, Gy 
Catostomus teres (Mitch.)___.__---- TORO r waver ts “As Lies an. ie 
Coregonus Artedi LeS..___.------- Takewh etrings 3 er aas so) M. 

clupeiformis (Mitch.)___-__-- cf WH DORIS Hee ah Segoe th M. 
quadrilateralis Rich. __-_- ---- TEenOMmMOnee sa). sah Ne M. 

(Psu peeusiGn ie 5) 2S Pari er) AWA) ate at ate. M. 
ir rrr srs a4e oe eo tT Blackfin go. U0 ls oh M. 
prognathus H. M. Smith. __._. tlong Jaw of L. Michigan_. M. 
Collvs hicnurdsonieAg. 522.222. *Miller’si Thumb: = 2) 227... . M. BR. 
Etheostoma nigrum Raf..__----_- -- *Sand Darter s.2. ..-.-.-..- Mw, 
COM COMING Gd So 8 ohh Ot PIO O MATCH dissed a ak aS M. 
Eucalia inconstans (Kirtland) __-- -- SEE epee ae OE | ek og 
OE OUD Ais) Pate hee Sik wh Chadd SLU GSTs as Oey Bey eh td ie MP: 
Micropterus dolomieu Raf. _.._.-.. Small mouth Black Bass___- R. 
Re mem omer Cros (AIT) ce es eo MO ee igh 2 C, 
megalons CRaf,) 8c oe sos. UOMMONAONINER «ee ee ee R. 
mereopsis guitatus Ag. of -5o..-5- SAR at eS wns ee kere Vig M. 
Perca flavescens (Mitch.)______---- Py emGh es 4c cae Us aye R. 
Sal elmusimamaycush ( Wal,).. 2. take Trout... 222i 2. M. 


Names after Jordan, Manual of the Vertebrates, fifth edition, Chicago, 1899. 


Half a dozen species of young fish or small forms are yet unidentified. 
If these and the fish taken in the smaller inland lakes were both added the 
list would be considerably extended. 

The food relations of the various forms listed in the foregoing can not 
be given at present in more than general terms. For a discussion of this 
subject and a valuable table expressing some of these relations in synoptic 
form the reader is referred to Reighard ( 95, pp. 23 and 24). 

One striking faunal peculiarity appears on examination of the preceding 
account of the various groups to be generally characteristic not only of 
Lake Michigan, but also in great part of Round and Pine lakes. It is 
the absence of the littoral flora and fauna. The abundance of life which 
characterized the shore region on Lake St. Clair is here entirely lacking. 


* Taken in trawl in various localities. 
{ Examined for food and parasites. 


3 
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‘It may well be that all other deficiencies are due to the absence of littoral 

vegetation, the reasons for which have already been discussed. At any 
rate, the barrenness of the littoral zone eliminates from the question of 
the food supply of this region one element which in Lake St. Clair was 
of extreme importance. 

Mention has been made of the limited bottom vegetation ake of the 
absence of certain forms of animal life ordinarily found in connection 
with the plants of the bottom. This matter will be discussed further in 
another part of the report. Here may be recorded merely the limited 
development of this source of food supply in this part of Lake Michigan. 

To one small group of forms, the various species of whitefish, particular 
attention was paid and the results of this study are embodied in a special 
section of this report. 


THE WHITEFISH. 


Eight species of Coregonus are known to occur in the Great Lakes; they 
are the common or true whitefish, Coregonus clupeiformis [Mitch.], the . 
‘‘blackfin’”’ C. nigripinnis [Gill], the “‘long jaw,’’ C. prognathus H. M. 
Smith, the lake herring or cisco C. Artedi Le Sueur, the tullibee or 
mongrel whitefish, C. fullibee Richardson, the Menomonee whitefish, C. 
quadrilateralis, Richardson, the ‘‘Soo’’ whitefish or whiting, C. labra- 
doricus Richardson, and the Lake Michigan cisco or the lake ‘‘mooneye’’ 
C. Hoy: {Gill}. The last four from their rarity or small size, are of little 
importance commercially, and only one of them the Menomonee whitefish, 
was seen at Charlevoix. All of the first four, however, were obtained 
there, and the first three were the object of especial study. They are the 
species ordinarily marketed and are sold indiscriminately under the name 
whitefish, although the fishermen distinguish them easily. In fact the 
‘long jaw”? was constantly picked out for us as a distinct form by the 
fishermen, and after numerous efforts to make it fit the description of 
some known species, Mr. Jennings and I were forced to admit its 
distinct character. Early in the fall the paper by H. M. Smith (94) fell 
into my hands, and the identity of the Charlevoix form with the new 
species described therein was at once apparent. 

The habits of the whitefish are only meagerly described in our litera- 
ture. Since Milner (74) nothing more than scattered details have 
appeared, and a good account of the biology of this group is yet to be 
written. The work at Charlevoix was not extensive enough to add greatly 
to our knowledge; there are, however, some observations of value made 
there which may be recorded in this place. 

The horizontal distribution of the four species is, so far as our observa- 
tion extended, uniform; but the vertical limits seem to be very different. 
This is mentioned in the work of Milner, but our own observations, and 
also the reports of the best fishermen, seem to indicate even a more 
definite location for each species. It seems that the lake herring is a sur- 
face fish and is taken in gill nets only near the surface; the true whitefish 
_is caught in water as shallow as twenty feet, but is most common between 
twelve and twenty fathoms. The long jaw is rarely found in twelve fathoms; 
it is, however, abundant in depths of from twenty to twenty-five fathoms, . 
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but does go somewhat deeper, while the blackfins are rarely met in less 
depth than forty fathoms. This vertical distribution is so definite and so 
well known that the catch of agill net at any given depth may be predicted 
with considerable accuracy. It is the summer range of the fish and is 
modified at the spawning season. One naturally suggests temperature as 
the ruling cause for this vertical limitation of distribution, since, as will 
be seen later, the food of these various species has a much wider vertical 
range than the species itself, and since the accounts given by fishermen 
of the winter limits of the species correspond in general to the tempora- 
ture changes. This matter should be the subject of special study during 
the entire year in connection especially with accurate and extended obser- 
vations on the temperature of the water. 

In the next place our entire knowledge of the food of the young 
whitefish, and in fact all other information with regard to the fish 
in the first year of its life, depends upon inference. Forbes (82) 
has furnished the only experimental information on this subject. He 
placed several thousand whitefish fry in a tank fed by Lake Michigan 
water and supplied them with an abundance of organisms obtained from 
the lake by a tow net. From this, which is identical with the plankton 
mentioned elsewhere in this report, the fry selected chiefly small 
Entomostraca. Forbes says (p. 781), ‘‘The entire number of objects 
appropriated by the sixty-three fishes [out of 106 examined] was as fol- 
lows: Cyclops Thomasi, ninety-seven; Diaptomus sicilis, seventy-eight; 
Anurea striata, twenty-nine; Daphnia hyalina, one.’’ From this.he con- 
cludes that ‘‘the two species of Copepoda, Cycléps Thomasi and Diap- 
tomus sicilis, are certainly véry much more important to the maintenance 
of the whitefish in the early stage of independent life than all the other 
organisms in the lake combined.’’ Interesting and valuable as these 
experiments are, it should be noticed that the evidence is not complete. 
The fact that in captivity the fry eat these two species in particular is no 
proof that in nature their food is the same. In the Agassiz Marine 
Laboratory at Newport I have easily reared young toadfish, a pure bottom 
fish, on the small crustacea of the plankton. It would be hardly safe on 
this evidence to regard the young toadfish as normally plankton eaters; 
the probability is that the natural food of the young was substituted by 
nearly related forms of approximately the same size. Forbes notes that 
the Cyclops was the smallest of all the Entomostraca in the plankton and 
that the Diaptomus was the next in size. This is also the order of prefer- 
ence expressed by the whitefish fry as shown by the number of each 
species eaten. Reighard (94, p. 40), expresses the opinion that the 
whitefish fry are more probably bottom feeders. If so, their natural food 
will then be some of the small bottom crustaceans of no doubt approxi- 
mately the same size as the two just mentioned, most likely closely related 
species, but not these forms which are limnetic in character. The nature 
of the first food of the whitefish fry was clearly demonstrated by Forbes 
in the discovery of the pharyngeal teeth, which are wanting in the adult, 
and which point unmistakably to the carnivorous habits of the young. 
They prey undoubtedly on the Entomostraca; the exact species on which 
they subsist, however, yet remain to be established. * 

*The matter can only be determined experimentally and I am informed by correspondence that 
the Michigan Fish Commission, during the past spring, has carried out a series of experiments by plant- 
ing the fry in boxes supplied with gauze gratings. The boxes were anchored in favorable localities at the 


surface and near the bottom and acertain number of the fry taken periodically and examined for food, 
‘The results of these experiments may well be awaited with great interest. 
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It was the hope of those interested in the work at Charlevoix that some 
of the young whitefish hatched in the spring might be caught, and thus 
evidence furnished as to the food and habitat of the fish during the first 
year of its life. At the very beginning of the stay an assistant was set to 
scouring the shores, inlets and shallow places in order to catch all the 
young fish which could be found; a large number of different species was 
collected, but none of the whitefish family. A trawl was constructed and 
used on all of our August excursions into Lake Michigan with the fishing 
tug. It was-tried in waters of various depths and over all bottoms where 
it could be run and was successful in obtaining a number of species of 
small fish from these localities (see list on page 17), but no whitefish. 
The bottom of Lake Michigan in the Charlevoix region is not very favor- 
able for the use of a trawl, as even the stretches of sandy bottom are 
strewn with occasional boulders, and in the course of our work the trawl. 
was first lost and recovered only after a long search, and finally on the 
following day torn to pieces. In future work a fine meshed silk gill net 
would, I believe, be more likely to succeed in catching the young white- 
fish. 

During severe storms young fish are thrown up on the beach of Lake 
Michigan near Charlevoix, and from this source we obtained immature 
specimens of the lake herring, of the Menomonee and probably of the long 
jaw, but none of the true whitefish. The specimens were from three to 
five inches long and were as small as any ever obtained there. They were 
probably fish which had been hatched in the spring of that year. The 
absence of young whitefish in spite of the large catch of the adult fish at 
this point shows either that the young are more limited in their distribu- 
tion than the adult and hence are not found at this point, or that they live 
deeper than the young of other species mentioned and thus are not 
affected by the wave action in time of storm. Some account of the food 
of the adult whitefish is given by Milner (74, p. 44) and Smith (74). 
The number of specimens reported was small, and also the importance of 
each element in the total amount was left unnoted; furthermore the 
food of the allied species has received no attention. Hence it seemed 
wise to devote careful attention to this point and ascertain us exactly as. 
possible the character of the food and amount of each element in it for 
each of the species of whitefish. A large number of stomachs of white- 
fish were examined and the results of this study are expressed in the 
following tabular forms. The specimens examined were from widely 
separated fishing grounds, representing more than the limit of territory 
covered by the map of the Charlevoix region given in this report (Pl. V). 
In the identification of the species of food animals, all the members of the 
laboratory force participated, and the estimated percentages were similarly 
controlled so that every effort has been made to reduce the error of such 
observations toa minimum. The first table presents the results of obser- 
vations on tbe food of the true whitefish. 
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Name of food animal. Specimens of Coregonus clupeiformis examined. Av. 
ee Nie ld RR a a me a a et i a eS BR a ba Ee 
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1, 8, 5, etc. = percentage of each form in total food mass estimated from volumes, 
(1), etc. = number of individuals found constituting always less than 52. 
* = trace, or a few specimens, constituting a small uncertain amount or less than 1% of total. 


In addition to objects mentioned small brown stones were very com- 
mon, and in instances formed one-fourth or one-fifth of the total mass; 
they were not included in the percentages as they did not seem to bea 
part of the food proper. A trace of filamentous alga (Cladophora) was 
frequently encountered in the stomach contents where its presence was 
apparently accidental. A considerable number of stomachs were exam- 
ined which were empty, or in which digestion had proceeded so far that 
the computation of percentages was uncertain. Both classes are omitted 
from the table, although so far as could be seen the latter would not have 
modified the results appreciably. 

Summarizing the results given in the table it will be seen that among 
these fourteen specimens , 


Pontoporeia constitutes from 0 to 95 % of the total food, averaging 43 %. 
Mysis 66 66 95 to 0 6s 6G 66 66 66 66 20 %. 


The two forms seem not to be found together in considerable amounts, 
but the presence of the one indicates the absence, or at most, presence in 
a trace of the other, making thus the average percentage of crustacean 
food 63. This alternation seems to indicate a difference in the distribu- 
tion of the two forms so that the whitefish are likely to find one or the 
other, but not both on the same feeding ground. 

This element is never entirely absent, and, on the other hand, forms 
two-thirds or more of the entire food mass in ten cases out of fourteen, It 
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is clearly not only the most important ie cet of the food, but is on the 
average more prominent than all others put together. 


Pisidium constitutes from 0 to 60% of the total food, averaging 16 e 
Spherium e oO ORO Opa hiatins yi 
Valvata 66 6 O to 10 % 6c 66 66 66 66 9, a. 


Other species of mollusks are present in varying small amounts, mak- 
ing the total amount of food furnished by these animals on the average 
26%. In three cases out of fourteen this was the bulk of the entire food, 
and in two instances it was entirely lacking. 

The insect larvae, chiefly Chironomids, are a small though compara - 
tively constant part of the food, constituting at most only 15%, and on 
the average about 5% of the whole. The two cases in which small fish 
- were found, suffice to make this element average 2% of the whole. 
Whether it is constantly even such a small percentage of the total could 
only be told by a much greater number of cases; but the percentages of — 
other elements are probably correct within a small amount. It is interest- 
ing to notice that only one of the fourteen fish had enjoyed such a mixed » 
diet that no element predominated in its food. 

The considerable part played by the mollusks and insect larve, both of 
which are strictly bottom forms, shows that the common whitefish ia to a 
large extent a bottom feeder. This view is strengthened by the down 
pointed sucker-like mouth of the fish as well as by the presence in the 
stomachs of numbers of small stones, which were undoubtedly snapped up 
with some morse} of food. 

Of the six specimens of the long jaw (C. prognathus), which furnished 
stomach contents sufficiently undigested to be estimated, five contained 
Mysis relicta, constituting respectively 95, 95, 95, 98 and 100% of the 
total mass, or an average of 97%, while in the sixth Pontoporewa Hoyt 
was equally abundant. No other recognizable object was present in any 
of the fish examined. Smith (94, p. 10), in his description of this new 
species, is able to give only conjectural information as to its food. The 
stomachs examined do not bear out his surmise that ‘‘its larger mouth and 
more powerful jaws indicate a somewhat wider range of food than is 
possessed by the common whitefish.’’ Nor do I think that such is the 
case; its deeper habitat favors a more simple diet since the fauna of the 
region is more limited in number of species. Again, the anatomical 
characters referred to find their explanation equally well in the hunting 
habits of the fish; its food is captured in motion and not on the bottom, 
hence the strictly bottom forms in the food of the common whitefish, the 
mollusks and insect larvee, as well as those accidental inclosures, algz 
and stones, are entirely wanting. This difference in the mode of life of 
. the fish, which seems to me adequately indicated by the facts given, is of 
importance in another connection, as will be seen later. 

Only two specimens of the blackfin afforded identifiable stomach con- 
tents; Mysis relicta was here 95 and 99% of the total amount; one of 
these specimens yielded a single individual of Diaptomus sp., whose 
presence was perhaps accidental; otherwise nothing was recognized. 

Collections of parasites were made from all the species of whitefish 
obtained at Charlevoix; occasionally individuals were found badly infested 
with a species of Echinorhynchus, but as a whole these fish were very 
free from parasitic infection. 
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The question of the decrease of the true whitefish has attracted much 
attention during the last ten or fifteen years, and the cause has been a 
matter of considerable dispute. I believe we are in position to offer posi- 
tive evidence on the question. The fact of the large decrease in the 
whitefish catch since 1880 is, I think, unquestioned at present, although 
there is evidence of yearly fluctuations in the catch both befora and since 
that time. The present scarcity of the fish may be due (1) to disease, (2) 
to scarcity in food supply, (3) to migration, (4) to the crowding out or 
supplanting of the true whitefish by some other species, (5) to over catch- 
ing. The first may be dismissed without further discussion since any 
disease widespread enough to cause such a result would surely have come 
to the notice of fishermen. ; 

The three most important elements of the whitefish food are Ponto- 
poreia, Mysis, and the small mollusks. At nearly all of the stations 
where hauls were made with the vertical plankton net (see Pl. V) the 
dredges and other nets were also used. Among their contents the three 
forms just mentioned were the most common of all objects; so much so 
indeed that their absence in rare cases was noteworthy. Thus, for 
example, in my notebook is entered for station ix: ‘‘Dredge out 5 min- 
utes. Noteworthy—Mysis wanting, mollusks almost, very few Ponto- 
poreia; according to Capt. O’Neil this point (middle of w. side reef) has 
no whitefish.’’ The immediate food of the whitefish is present at nearly 
all points and in large quantities, hence the decrease in whitefish supply 
can hardly be due to this cause. So far as migration is concerned, it 
might be invoked to explain a deficiency in the catch in a single locality, 
but statistics now at hand show the decrease to be general and not con- 
fined to a single region. 

In his recent paper Smith (94, p. 11) suggests an interesting theory as 
to the possible cause of the disappearance of the common whitefish; 
namely, that it has been crowded out by the long jaws. It isa well known 
biological fact that in the struggle for existence one species is supplanted 
by another more favored form which takes possession of its home and 
food supply and literally crowds it out of existence. This is most likely 
to occur between closely related forms in circumscribed areas, and it 
would appear at first thought as if this were a very probable instance of 
such supplanting. It is also a curious fact that the same idea occurred to 
me in Charlevoix and was discussed with at least one member of the party, 
Mr. Bryant Walker, before the appearance of Smith’s paper. In the 
course of further study, however, I became convinced that the idea was 
untenable and that the competition between the two species was more 
apparent than real; in other words that this could not be the cause of the 
diminishing whitefish supply. The reasons for this conclusion may be 
given briefly. In the first place the range of the two fish is radically 
different; long jaws are rare at twelve fathoms where the best catches of 
whitefish are made, and conversely whitefish are not found at the depth 
of twenty to twenty-five fathoms where the long jaws are most abundant; 
nor could I find evidence of any change in range of the species during 
the last twenty-five years, if one will accept the testimony of the best 
fishermen. Again, the food of the two forms is somewhat different, as 
noted above, and more still the place and manner of feeding I have 
already pointed out that the whitefish is probably a bottom feeder, and 
that the long jaw is not, but obtains its food more probably free in the 
water. Furthermore, if crowding out were the cause, the grounds 
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formerly occupied by whitefish must now be preempted by long jaws. It 
can be positively stated, I think, that such is not the case. As is noted 
elsewhere in connection with the plankton studies, we examined especially 
those regions which had been good whitefish grounds, but now yielded 
little or no catch. In all of the places whitefish food was plentiful, 
though the grounds were now practically deserted by all fish, and many 
of them were much too shallow for long jaws. 

The apparent coming in of the long jaw and the increase in its catch 
are really due to very different causes. The failure of the shallow white- 
fish grounds forced the fishermen little by little to move their nets into 
deeper waters and so gradually to increase their catch first by the addi- 
tion of long jaws and then by the still deeper living blackfin. These two 
species are only apparently new arrivals, and their supposed increase at 
the time of the whitefish decrease is due merely to changed methods of 
fishing. In this connection it is interesting to notice the testimony of 
Capt. John O’Neil of Charlevoix, that the long jaws themselves are less 
frequent in Traverse Bay than formerly, that they are smaller in size and 
more scattered. . 

We are thus forced to the conclusion that the decrease in the whitefish 
supply can have no other cause than overcatching. This is not the place 
to discuss good and bad methods of fishing or remedies for the 
trouble. Our investigations point unmistakably to the cause of the 
depletion in the whitefish supply; it is the removal from the lakes of a 
larger number than can be replaced by natural processes and than has 
been successfully returned by artificial hatching. Greater results from 
the latter methods depend upon a better knowledge of exact conditions in 
the lakes, and to aid in this bas been the object of our studies. _ 


SOURCE OF FOOD SUPPLY. 


The question as to the food of the whitefish and the amount of the sup- 
ply at any point, or, expressed in other terms, the actual fish supporting 
power of any region is not determined by a single element. The number 
of Mysis and Pontoporeia in any given area does not determine the 
fitness of that region for raising whitefish. . 

Not only must the present supply of whitefish food be large, but the 
region must be capable of maintaining the supply constant in spite of the 
inroads made by the fish, else the food would soon be exhausted and the 
fish starved to death. The further test must be then made as to the capac- 
ity of the place to furnish these food animals with sufficient nourishment 
for rapid multiplication. Thus we are taken back step by step through the 
entire series of biological interdependence to the primitive food supply, 
which must always be plant life, since that alone has the power to manu- 
facture living matter out of the simpler substances taken from earth, air 
and water. It is then clear that the entire series of biological relations 
uel be worked out, and with each step will come new light on the 
subject, 

The question of the source of the food of the lake fish brings us to con- 
sider first in brief the peculiar characters of these bodies of water in com- 
parison especially with the inland lakes. On the more extended trips into 
Lake Michigan, which were undertaken with a view to obtaining evidence 
on the distribution of life in the lake, the contrast between this and an 
inland lake, or even Lake St. Clair, became very apparent. The most 
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striking peculiarity was the entire absence, in the part of the lake exam- 
ined, of the larger plants. The shore plants and rushes which in Lake 
St. Clair formed several distinct zones (Pieters, 94) along the margin of 
the lake, were either entirely absent or present in rare instances, The. 
shallow part along shore, or lake terrace (Reighard, 94, p. 13) is very 
narrow at this point and subject to considerable change by the frequent 
storms; to this is due no doubt the absence of shore vegetation, and there 
are out in the lake, beyond the shore terrace, no ureas shallow enough to 
permit the growth of such vegetation. Not only were the littoral zones 
bare of plants but the bottom also. The fields of Chara which carpeted 
the bottom of Lake St. Clair so densely that Reighard (p. 15) compares 
them to a thrifty field of clover, were almost never found. Only once in 
the sheltered High Island harbor was there a shallow area covered in this 
way with Chara. Elsewhere stretches of bare sand alternated with 
equally bare rocky bottoms or with areas of huge cobblestones. The 
stones brought up in the dredge were frequently covered with a film of a 
pale greenish tinge, which under the microscope appeared to be made up 
of myriads of minute unicellular alge. Rarely one found a few threads 
af Cladophora or other filamentous alga, but aside from these insignifi- 
cant exceptions no fixed plants. The rich variety of forms, worms, crus- 
taceans, mollusks and insect larve, dredged from the Chara beds of Lake 
St. Clair, were entirely lacking. In their place the dredge yielded in 
many regions a considerable number of specimens, belonging, however, 
only to a few genera. The Mysis and Pontoporeia, though taken from 
near the bottom undoubtedly obtain their food mostly from the water and 
are not properly bottom feeding forms. The Lamellibranchs are depend- 
‘ent upon the same source of food supply; but the Gastropods and a few 
species of insect larvee, almost entire Chironomids, are true bottom forms. 
They live either on the microscopic plants or on decaying matter which 
has fallen from the superjacent water. Wherever fixed plants were found 
there was no dearth of life. The Chara beds found at High Island 
harbor were as rich in life as those of Lake St. Clair. Mr. Walker men- 
tions in his report (Appendix V), the extraordinary number of species of 
mollusks obtained there from a single haul of the trawl. 

It should be mentioned here that the Chara beds do not in themselves 
afford nourishment directly to any fish; or so far as I can find to any 
ubundant animal; and hence their absence does not directly reduce the 
food supply. Indirectly, it affects the conditions very materially; for the 
beds afford shelter to myriads of small bottom forms, crustaceans, inseot 
larvee, and worms, which find food in the microscopic plants growing 
among them. Hence they are breeding beds for fish food and furnish the 
best of conditions for the development of bottom feeding fish. Lake 
Michigan does not furnish in this region a sufficient variety of bottom 
food for many species of bottom fish. The few forms which are found 
are all included in the menu of the whitefish; they seem, however, so far 
as our observation went, to be widely distributed and to be present each 
in considerable numbers. 

Some of the physical characteristics of the lake, though less striking at 
first, are equally important. That part of the lake which lies above the 
ten fathom line (18.3 meters) forms but a very narrow border on the map; 
yet this is more than three times the greatest depth observed in Lake St. 
Clair. The extreme depth reached in our work was 130 meters, which is 
just the average for the entire lake, and not quite two-thirds of the 
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extreme depth. The considerable depth of most of the lakes involves 
very different conditions of life in the greater part of the waters from 
those which exist in a shallow lake. Perhaps the most important is 
temperature. On different days the surface temperature (') of the lake 
varied from 16.7° to 19.4° C. (62° to 67° F.). The bottom temperature 
was always less than the top and in twenty to twenty-five meters was only 
10° to 6.4° C. (50° to 43.5° F.) while at the deepest stations (112 and 130 
m.) the thermometer registered only 4.2° C. (39.5° F.) on the bottom. 
In general it appears that near the surface the fall in temperature is more 
rapid for the same amount of descent than near the bottom; there were 
however, curious variations in bottom temperature at about the same 
depth, e. g. 14.4° C. at 22 meters, Station xxi, and 6.4° C. at 24 m,, 
Station ii, which show wide departure from the general principle of equal 
temperature at equal depths, owing perhaps to local conditions. Our 
observations are not extended enough to throw light upon special cases. 
The whole of the lake in this region below the limit of 25 m. from the 
surface has a temperature of 7.5° ©. (45.5° F-.), or less, which is about 
11° C. (20° F.) lower than the surface temperature, while the water below 
110 to 1380 m. does not rise above 4° ©. (39.2° F.), which is the temper- 
ature of maximum density for fresh water. Here temperature conditions 
are probably uniform the year through, while at the surface they are sub- 
ject to the greatest fluctuations. 

In the next place the amount of light decreases rapidly with the depth, ~ 
and yet not so rapidly here as in ordinary lakes Since the amount of 
inflow is small in proportion to the total volume of the lake, and since the 
shallow area where the water can become roily in time of storm is very 
limited, the water contains extremely little inorganic matter in suspen- 
sion, and hence the northern lakes are noted for their transparency. In 
the Charlevoix region the water is beautifully clear and allows objects to 
be discerned at considerable depths. We made no tests to determine the 
relative transparency of the water, but its evident superiority in this 
respect compensates for the great depth to a large extent by permitting 
the passage of a much larger amount of light, and hence the development 
of plant life in deeper strata of the water. Again, the disturbance in time 
of storm does not extend very far from the surface. The ten fathom line 
lies far below wave action and thus the greater portion of the water is 
undisturbed by storms. 

Furthermore, the pressure increases with the depth. -At about 10 m. 
the pressure is twice that at the surface (one atmosphere, 15 lb. sq. in.); at 
103 m., all forms are subjected to a pressure of 11 atmospheres. Yet the 
animals brought up from this depth seemed to suffer no inconvenience by 
their rapid transit from a pressure of 165 lbs. to the square inch to one of 
only 1& lbs. to the square inch. 

Finally, the lake is free from such currents as exist in Lake St. Clair. 
The slow movements of the water in definite directions are not at all com- 
parable with the stream of a river, and the limited inflow and outflow, 
already discussed in this report, serve to maintain the lake in a condition 
of stable equilibrium. 

The factors just discussed are of the greatest importance in determining 
the character of the food supply in the lake, as well as its distribution. 
But it should first be noted that the question of food supply here is totally 


18ee table of plankton hauls on pages 32 to 35. 
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unlike similar questions in agriculture and the difference is fundamental 
in its character. The land animals which furnish the large part of man’s 
food supply are herbivorous. Their supply of focd is drawn from the 
great group of grasses, grains and forage plants, which growing before 
our eyes, derive nourishment from the inorganic materials in garth, air 
and water. There intervenes but a single step from the inorganic to the 
organic and the chain of biological relations is short and simple in the 
main. It is not only capable of immediate observation, but it has also 
been in all its details the subject of long continued and careful study in 
numerous experiment stations of the country. _ The preparation and the 
enrichment of the soil, the development of the seed, the growth of the 
plant, the diseases which threaten it, the enemies which attack or crowd 
it out, its protection and improvement have been for many years the care 
of trained minds on experimental fields and in well equipped laboratories. 
How different the case for the fish culturist! In many instances he does 
not even know the immediate food of the species in question. Observa- 
tions on its habits and life history are all too scanty and experimentation 
limited and uncontrolled. 

The series of biological relations are also widely different from those on 
the land. In fresh water there are few large plants; in the Great Lakesa 
still scantier amount. Among all the food fish there are none that depend on 
these plants for food supply ; they are purely carnivorous. One of the most 
fundamental questions for the fish culturist is then clearly the source of 
food supply in the Great Lakes and the steps in the process of its trans- 
formation into fish flesh. Directly connected with this are the questions 
of its amount and distribution since fish culture is evidently depedent for 
success and development upon these factors. Unless the primitive food 
supply be abundant at the present time, all efforts to increase the number 
of fish will fail of ultimate success; unless the food of the fry is found in 
sufficient quantities in that locality where the fry are planted, the maxi- 
mum number can never reach the adult condition; and finally the possible 
increase in the fish supply is limited by the amount and distribution of 
the food in so far as those factors are themselves beyond the control of 
the fish culturist. 

The limited inflow of Lake Michigan renders the amount of food sup- 
plied to its waters from this source comparatively insignificant and, more- 
over, it is almost entirely inorganic matter which is received in this way. 
The limited shore areas and general lack of shore plants make the shore 
washings .an equally unimportant source of food supply, although from it 
as from the preceding source would be received a certain amount of 
inorganic material in solution andin suspension. ‘The occasional fields of 
Chara and other bottom alge add only a limited amount of food, but the 
scanty development of this bottom flora, already commented upon, pre- 
cludes the possibility of considering it more than a secondary source of 
food supply. 

From the atmosphere is leached out by every rain much valuable inor- 
ganic matter, and the winds bring from time to time insects, both 
singly and in swarms, which fall a ready prey to the fish of the water. 
But even this is a secondary and incidental source; the biological rela- 
tions of the life in the water are not seriously affected by this addition. 
No sufficient source of primitive organic food material can be found 
external to the lake; it must be sought within the water itself. It must 
also be capable of forming the inorganic material into living matter, and 


28 MICHIGAN FISH COMMISSION—BULLETIN NO. 6. 


since we have already seen that of the green plants which possess this 
power, the larger fixed forms are lacking or present in entirely insuffi- 
cient quantities, it is clear that the source whatever it may be must escape 
notice by virtue of the minute size of its individual elements, since the 
abundance of the material as a whole must necessarily be presupposed. 
If one draws through the water a net of finest gauze and collects its 


gleanings into a small glass, there will be seen a myriad of minute forms 


almost or quite invisible to the eye. The mass of material obtained 


depends not only upon the length of the haul and size of the net, but 


upon numerous other conditions as well. Under no probable circum- 
stances, however, will the net fail to collect a certain amount of material 
which the microscope shows to be composed of living organisms of varied 
character. Among these are both plants and animals, the latter so insig- 
nificant that their own motion does not. suffice to carry them over any 
considerable distance, and hence both plants and animals are dependent 
upon waves, currents and winds for their wide distribution. ‘Their entire 
existence is passed floating freely in the water and both plants and 
-animals possess characters of form or structure fitting them for maintain- 
ing their position. Very many are provided with long processes, enab- 
ling them to present greater surface to the water; others have oil drops 
reducing their specific gravity. This mass of living forms is known as the 
plankton, and it plays such an important part in the economy of the water 
that the relations may briefly be outlined here. One may justly call it 
the primitive food supply of the water, and as such it is of course the 
origin of fish food. 

The smallest forms in the plankton are the one-celled plants and 
animals, and the first are really the actual* source of the food supply. 
‘They float, as it were, in a sort of broth, or nutritive fluid, the water con- 
taining in solution those simple inorganic substances which they are 
enabled by the possession of green matter (chlorophyll or some related 
substance) and in the presence of light to transform into living proto- 
plasm. The well known principle that rapidity of chemical action 
depends upon the proportion of surface to volume, was long ago used by 
Leuckart to explain the extraordinary growth of these unicellular plants. T 
In them the proportion of surface to volume is far greater than in any 
larger forms; the production of protoplasm, that is growth, goes on with 
extreme rapidity and the simple process of reproduction by division 
which characterizes them, results in the production of many generations 
within a limited period of time. These unicellular plants are the food 
not only of the unicellular animals, but also of some of the higher forms, 
and it is on their extraordinary power of multiplication that the entire 
economy of the water depends in last analysis. 

*There is a large group of doubtful forms, frequently classed as animals among the flagellate proto- 
zoans; they contain chlorophyll, or some allied substance, and by virtue of this are enabled to make use 
of inorganic food material jike the green plants. These forms, which are abundantly represented in the 
plankton, are classed by other authorities as plants. If the latter classification be accepted, the state- 
ment made above ie exactly true; if, however, these forms are regarded as animals, there must be a minor 
exception recorded against the statement that the simple plants are the only actual source of the food 
supply. This isa matter both undecided and secondary at most and needs no further explanation here; 
it is mentioned only to avoid danger of misunderstanding the statements made in thetext. In any event 
the primitive source of food supply is found exclusively within the unicellular forms of the plankton. 

_ J Zacharias (95, p. 108) calls attention to the growth of these alge as more rapid than that of the 
higher plants, such as rye, and finds in thie evidence that ‘‘ the living organic substance of which the con- 
tents of the Melonia threads are made must be rhuch more easily formed anew than that of the rye.”’ 
This is evidently a falee conclusion; the rapidity of growth is not due to any theoretical ease of formation 
of the substance in question, but: is clearly traceable to the greater proportion of surface to volume, and 
hence greater possibility of chemical activity, and secondly to the total immersion of the growing body in 
the nutritive fluid Inthe higher plants it is also true that a considerable amount of energy must be 


devoted to the differentiation of organs for supplying all parts equally withnourishment. In thesimpler 
-algee, Melonia in the case cited above, all parts are alike active and growing. 
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In the plankton are contained, however, in addition to the unicellular 
plants and animals already mentioned; the Rotifera and many Crustacea. 
Other forms seemed to be either rare or entirely wanting in the plankton 
taken at Charlevoix, but a more exact enumeration of the species 
encountered in this region may be found in the introduction and in the 
appendices to this report. These four elements together constitute the 
food supply of the lake. The unicellular plants, or Protophyta, are 
dependent upon inorganic nourishment; the Protozoa subsist upon these 
plants and both form the food of the Rotifera, while the Crustacea feed 
upon anything which falls in their way. The last group forms the pre- 
dominating element in the plankton, constituting in almost all instances 
the greater portion of any haul, and they are the immediate source of 
food for the lake fish. The fry depend directly upon the Crustacea of 
the plankton and rarely also the adult draws its nourishment from the 
same source, as in the case of the lake herring. More frequently it is 
through the medium of some larger form or forms. Thus the lake trout 
is piscivorous and feeds upon the herring and smaller forms. Of the 
whitefish food, already discussed and described, each species is dependent 
entirely upon the plankton, living or dead and sunk to the bottom, except 
the univalves, which also draw a portion of their nourishment from the 
fixed microscopic plants of the bottom. Reighard has given (p. 24) a 
table showing the interdependence of the various forms of life in a fresh 
water lake; it includes shore and bottom forms as well as the plankton. 

It was apparent soon after the work of Charlevoix began that in general 
the plankton did not contain as many species as in Lake St.Clair, but the 
total mass per volume of water proved considerably greater. This was due 
to the greater number of individuals of aspecies present. Hspecially strik- 
ing was this in the case of the small Crustacea, for often a bottom tow made 
in Round Lake was so thick as to deserve the name of ‘‘crustacean soup,’’ 
and yet it consisted almost entirely of a single speciss of Copepod. The 
catch recalled hauls taken in the ocean in respect to total amount of mate- 
rial, but was far from possessing the rich variety of forms characteristic of 
marine tows. Not only did none of the hauls from Round Lake show the 
great number of species recorded in occasional tows on Lake St. Clair, 
but the average haul was decidedly inferior in this respect to the average 
haul from the latter place. In spite of this it was regularly true that the 
total amount of plankton in the average haul from Round Lake was consid- 
erably greater than the total amount obtained in average hauls from Lake 
St. Clair. The same feature became apparent during work in Pine Laka 
and Lake Michigan at a later date; the plankton in these lakes contains 
only a limited number of species present in a large number of individuals, 


QUANTITATIVE PLANKTON WORK. 


Since the plankton plays such a fundamental part in the life of the 
water, in being the primitive food supply, some guide to the fertility of 
the lake will be given by ascertaining as exactly as possible its. amount 
and its distribution, both vertically into zones and horizontally into areas 
if such exist. The determination of fluctuations in amount and quality 
with weather and seasons is of equal importance; but our cbservations 
extended over too limited a period to permit of obtaining evidence on 
these points. The work of the summer throws some light on the ques- 
tions of amount and distribution in the Charlevoix region, important not 
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only in themselves, but for comparison with the data derived from similar 
experiments in Lake St. Clair during the previous year. Our experi- 
ments on these points were made in the course of the last two weeks of 
August, those of Reighard in Lake St. Clair during the second week of 
September. They are probably sufficiently identical in time that direot 
comparisons may be drawn between the figures without the danger that 
we are dealing with results which represent conditions of different seasons 
of the year. This precaution in treating the results is necessary since 
both Apstein and Zacharias have shown the existence in various Huropean 
lakes at least of a considerable seasonable variation, both in the amount 
and in the quality of the plankton. 

The apparatus used in these determinations was the modified vertical 
net described by Reighard (p. 26-29) and the process followed in the 
management of the net and the treatment of the material obtained was 
almost identical. Slight modifications.introduced by the writer were suc- 
cessful enough to warrant mention in this place. The plankton holders 
made by cutting off the bottom of a short 6 dr. homeopathic vial and 
annealing the edges, as used in 1893, had some slight disadvantages. © 
Apart from the waste of time and bottles in making a supply of perfect 
tubes, it was difficult to tie the gauze over the bottom so securely that it 
would not come off under some circumstances, and the mouth of the 
bottle was so small as to render it wearisome to change the fluids on 
account of the tardiness of the filtering in case the enclosed mass of 
plankton was at all large. In view of these two difficulties, I had Whitall, 
Tatum & Co. make some plankton tubes after my model. The tubes 
were pieces of {inch glass tubing 3 inches long, with a carefully con- 
structed flange at each end which turned outwards about one-sixteenth 
inch. It was found that the flare increased the filtering surface suffi- 
ciently to aid greatly in the passage of fluids and that the gauze could be 
tied over the end with great security and rapidity. We had occasion to 
preserve 11 or 12 cc. in a single tube, but in spite of the mass had nodiffi- 
culty at all in filtering the water out and in getting various fluids through 
the tube. The flange was also of material assistance in tving the second 
gauze to close the tube; this was frequently done when the boat was 
rocking violently and in no case did we lose any of the contents of the 
tube. In transferring from one fluid to another a syringe bulb with a fine 
glass tube pipette was used to force air into the tube through one gauze 
end and thus render more rapid the passage of the fluid through the other 
gauze from the tube. I feared at first that in spite of the No. 20 silk 
gauze used for covering the ends of the tubes there might be some small 
loss of plankton on account of the pressure which could be exerted by the 
bulb, or at least some damage done to delicate forms; but after experi- 
menting we could detect no loss in the washings nor damage to the most 
delicate forms in the plankton and hence adopted this method in all our 
subsequent work. These two trivial modifications mean a saving in time 
for each tube of plankton put up of at least twenty per cent, and much 
more where the amount of plankton is exceptionally large. © i 

Between the eleventh and twenty-ninth of August eight days were spent 
with the fishing tug ‘‘Minnie Warren’’ in making stations at various 
points in the Charlevoix region. In all twenty-six stations were made, 
two in Round Lake, six in Pine Lake, and eighteen in Lake Michigan. | 
The stations, which are indicated in order by Roman numerals on the map 
of the region appended to this report, were made chiefly on fishing 
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grounds of past or present value, and in the selection of these we had the 
assistance of Capt. John O’Neil of the ‘‘Minnie Warren,’’ an old and suc- 
cessful fisherman of Charlevoix. In addition to the stations on fishing 
grcunds some few were made in adjacent waters, either very shallow or 
- very deep, in order to obtain material for the comparison of the various 
places. It is thought that these stations represent very fairly the differ- 
ent conditions which prevail in this region and afford then some idea of 
its character as a whole. 

At each station the depth of the water and temperature of the water at 
bottom as well as at the surface and of the air were first taken with the 
sounding machine and thermometers lent by the United States Fish Com- 
mission. The condition of surface, of sky and weather were also noted and 
the exact position and character of the place recorded. A series of hauls 
with the vertical net was made at 2, 5, 10, 25, 50, 100 metéts and bottom, the 
length of the series depending each time on the depth of the water. The 
contents of the net at each haul were preserved in a plankton tube of the 
character already described and provided with a label bearing the number 
of the station and haul. Further details of the process may be found in 
Professor Reighard’s report (p. 27, 28). In this way a total of one hun- 
dred tubes of plankton were obtained. 

In the table of plankton hauls (p. 32-4) it will be noticed that the depth 
of the water and the depth of the haul donot bear any constant relation to 
each other. This is due to the different methods employed in obtaining 
each. The depth of the water was recorded by the sounding machine, as 
already described, while the depth of the haul was measured on the rope 
of the vertical net which was marked off by meters so that the distance 
from the upper ring of the cone of the net to the surface of the water 
could be determined directly. In this way the distance through which 
the net was hauled could be measured without danger of error from the 
slight slant of the net rope or from inequalities of the bottom. This 
method of obtaining the depth of the haul was used for all stations after 
the first three (I to III* inclusive). 

After the vertical hauls were finished, the anchor was lifted and two or 
more of the dredges as well as bottom and top tow nets were used to ascertain 
the character of the bottom and the quality of the life in the water at this 
place. The tows were examined by various members of the party after 
the return to the laboratory and the results of the examination entered on 
the regular blanks. This gave an approximate idea of the composition of 
the plankton from any station, as well as of the bottom fauna and flora. 
Various circumstances interfered with carrying out this plan in full at all 
stations. However dredgings were made in the majority of cases, including 
- one at station xi from a depth of 112 m., but at the deepest station, 130 
m., the dredge was not used. . 

For the determination of the quantity I used the tubes of plankton 
collected at the various stations and preserved as described above. The 
contents of each were carefully transferred to a glass cylinder or measur- 
ing tube graduated to tenths of a cubic centimeter and were allowed to 
settle exactly twenty-four hours. The volume was then taken and 
recorded. This volume is only an approximation of the amount of the 
plankton since the latter ie very light and will settle for days if left 
undisturbed. It will naturally settle more quickly if shaken occasionally, 
and the degree of concentration it reaches depends very clearly on the 
character of the material in this particular plankton haul. Finally the mass 
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obtained depends to some extent upon the diameter of the measuring 
tube in which the settling is done, as I ascertained in the course of some 
experiments on this matter. These experiments are discussed in full in 
another paper, and it is sufficient to note here that the volumes entered 
in the table were measured in the same tubes and as exactly as possible 
under the same conditions as those recorded by Reighard for Lake St. 
Clair. The results, then, are directly comparable with those he gives 
(p. 29, 30), and are also an approximate measure of the amount of plank- 
ton in these waters. The volumes obtained are entered in the table of 
plankton hauls given here (pp. 32-4.) 

These volumes are relative to the size of the net; and as was first shown 
by Hensen (87) and as is explained also by Reighard (p. 28), for general use 
itis necessary to apply a total correction in order to find the amount of 
plankton under one square meter of surface. In this way are eliminated 
the special features due to the size of the individual net employed and the 
filtering power of the material used in its construction. In the first place, 
the net opening has not an area of one square meter and in the second 
place the resistance of the stuff forces some water aside, so that the net does 
not filter the entire column of water through which it passes. The area of 
the net opening is 1,237.86 sq. cm., so the correction for the area is 8.08. 
Hensen has given a table of corrections for varying velocities also, and 
these were used by Reighard, though the uncertainty of the method by 
which they were calculated was discussed in an appendix (p. 57) to his 
report. In some cases Reighard was forced to adopt a correction for an 
average velocity since that for the observed velocity was such as to make 
the result an absurdity. Similar cases occurred in my own calculations as 
for instance at station IV, where the amount of plankton per cubic meter of 
water was more for the entire depth than any station furnished in the 
surface statum, and as will be shown later, this stratum contains always 
more than any other of similar thickness. I, therefore, calculated the 
amounts on the basis both of the observed velocity and of the average 
velocity, and plotted the results in a manner to be explained later. It 
was at once evident on the examination of the plot that the lines were 
practically coincident except in a few cases, and in half of these the 
results based upon observed velocity were evidently false. I therefore 
decided to use a correction of 18.10 bused upon an average velocity of 
0.61 m. per second and a net opening of <4, sq.m. And the amounts 
under each square meter of surface as given in the table are obtained by 
multiplying the volume of plankton taken by this average correction of 
18.10. The results in the corresponding column of Reighard’s table were 
obtained by using the actual correction according to Hensen’s method save 
in the few instances noted. My adoption of an average correction was 
influenced not only by the facts above but also by some other considera- 
tions. In the first place a physicist, who at my request made a very care- 
ful examination of Hensen’s method of approximations, gave it as his 
opinion that the physical principles involved would not hold good for 
velocities at either extreme, if indeed they were correct for mean veloci- 
ties. In the next place, it is difficult to observe the exact time of a haul 
and the error in observation, which is of course increased by movements 
of the boat or by irregularities of the surface of the water, is proportion- 
ally very much greater for the shallower strata. Finally in comparing 
results of Reighard, and myself, it will be possible to see whether the 
the deductions made hold good under both circumstances, that is are really 
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general principles, or whether they are modified in any way by the method 
of calculation employed. 

The volume per cubic meter of water as given in the table is obtained 
by dividing the volume under one square meter of surface by the depth 
of haul. Other details of the table are self explanatory. The hauls at 
stations I to IV inclusive were made on the first day and were somewhat 
experimental; they differ from the others in method of handling and pre- 
serving, and have not the same series of strata in depth; they are 
hence discarded in the study of strata. The hauls at XIV* were inter- 
rupted by a terrific squall and hence this is also omitted in the same con- 
nection. 

A brief consideration of the question will show that the errors in the 
method employed are all in one direction and tend constantly to reduce 
the real amount, to make the final result less than the quantity actually 
present in the water. Although carefully guarded against, the loss of mi- 
nute quantities by accident or in the course of the numerous manipulations 
undoubtedly does take place. Pauses however slight, or unequal velocities 
in movement during the raising of the net, failure of the gauze to filter as 
rapidly as usual owing to clogging or to some other cause, reduce the 
amount of water filtered by the net and hence also the amount of plankton 
obtained below that actually present in the column. Finally some forms, 
good swimmers, will escape the net as it is hauled up; this error is evi- 
dently less with our net, having an opening of 1,238 sq. cm. in area than 
with the nets used in European lakes by Zacharias and Apstein in which 
the area of the opening did not exceed 64 to 100 sq. cm. 

This method does not, then, give absolute exactitude, nor can I see why 
that would be more desirable if possible. The variations in the amount 
of plankton present are greater far than the errors of the method, as 
already illustrated, and the approximation obtained by this method is suf- 
ficiently near for practical purposes. Certainly it is true that, since all 
errors tend only to reduce the actual amount, the volume of plankton 
present is not less than the figures given in the table. A single exception 
must be made in those cases when foreign matter is accidentally included 
in the net but these are easily detected by microscopic examination of the 
mass. 

From Lake Michigan in the Charlevoix region eighteen bottom hauls 
show the following results in total amount of plankton obtained: 
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* Stations will be denoted hereafter by a Roman numeral only. 
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In Round and Pine lakes, which have immediate and free connection 
with Lake Michigan at Charlevoix, the amounts obtained in nine bottom 
hauls were as follows: 


Number of Station._.._..-...--. V. VI. VIL. | VIII. | XXIII.) XXIV.| XXV. | XXVI} Av. 


Volume of Plankton in cubic : 
centimeters per cubic meter 2.88 2.28 3.14 the 3.96 6.88 ale 2.34 3.97 
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Twenty-seven bottom hauls were made in Lake St. Clair in 1893, two at 
each station except the first, with the following results (Reighard 94, p.31): 


Number of Station ---._..-_-----------. ve as Ret ao ee = 
Volume of Plankton in cubic Sean Ey 4,97|1.44/2.76}2.01/2.74/2.29/3.69/2.70/2.54/4. 15/4. 79)3.60/1.80/1.90/3.03 
meters per cubic meter of water_- ? |_--_|2.68/3.89]2.01/8.62/3.08/3.69/3.01)2.39/4.15/3.97/8.31)2.42/2.33]____ 


The total average for all Lake Michigan stations is 3.69 cc. of plankton 
per cubic meter of water. In Lake St. Clair the total average was 3.03 cc. 
per cubic meter of water. But the stations in Lake St. Clair varied in 
depth from 1.5 to 5.6 meters, while Lake Michigan hauls extended from 4 
to 130 m.,so that the comparison should be made with corresponding hauls 
of the latter only, and these have an average of 6.39 cc. or more than double 
the amount of the St. Clair hauls. The tabulation of results (Pl. I and 
IIT) afford a graphic presentation of these relations. Lake St. Clair 
contains only half as much plankton per cubic meter of water as is taken 
from water of equal depth in Lake Michigan at Charlevoix. 

Reighard records (p. 37) the average of four bottom hauls made in Lake 
Erie in 1893, as 8.98 cc. per cubic meter of water. If compared with the 
hauls of corresponding depth in Lake Michigan they are evidently richer, 
and that by forty percent. Reighard notes, however,the peculiar location 
and richness of the two stations at which the four hauls were made and 
mentions a third station with a different location and a much smaller vol- 
ume of plankton. Including this haul also, the average of all the Lake 
Erie stations is 7.41 cc. of plankton per cubic meter of water, which is 
nearly one-sixth more than the average of stations of equal depth on Lake 
Michigan at Charlevoix. The number of observations is too small to per- 
mit of a positive statement, but it seems probable that there is somewhat 
more plankton per cubic meter of water in the western end of Lake Hrie 
than in water of equal depth in Lake Michigan near Charlevoix. 

In comparison with the volumes for European lakes, given by Apstein 
(94), Lake Michigan in the Charlevoix region is decidedly ‘‘ plankton poor.” 
Thus, in September, Great Pléner See, which isa typical “plankton poor” 
lake, contains, for a depth of 40 meters, 5 cc. of plankton per cubic meter 
of water. In Lake Michigan, two hauls of almost the same depth, XX and 
XXII, averaged only 2.55 ce. of plankton per cubic meter of water, or about 
one-half as much. And yet thissmall amount which is present constitutes 
an toto a tremendous mass. The estimated volume of Lake Michigan is ° 
about 7,500,000 millions of cubic meters, and if the average of the lake con- 
tains an ameunt of plankton per cubic meter of water equal only to the 
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lowest amount for any bottom haul of the Charlevoix region (1.23 ce. at 
XVII"), the total mass of plankton in the entire lake would equal more than 
nine and one-third millions of cubic meters. This deepest haul, X VII’, was 
made at about the average depth of the lake and hence may well be taken 
as a representative haul for the lake, especially since, as the chart shows 
(Pl. I), this haul does not depart appreciably from the normal line of rela- 
tive volumes—to be discussed later. 

It is valuable to consider for a moment what actual amount of food is 
contained in this volume of plankton. For this purpose two masses of 
plankton, XIII* and XIX* were selected as average hauls, and XIX° as an 
instance of a haul which was evidently much polluted by foreign matter. 
The plankton was shaken up in a limited quantity of alcohol and a certain 
portion of the mixture removed, weighed, air-dried and weighed again. 
The weight of the same sample was also taken when dried to a constant 
weight at 100° C. and after calcining the ash was weighed. The ash was 
then digested in concentrated hydrochloric acid, washed, dried and weighed 
to obtain the approximate amount of sand present.* The plankton which 
remained after the removal of the small portion treated in the manner just 
described, was measured by the volumetric method and from this the exact 
portion removed was calculated from the original volume of the plankton. 
These results are expressed in the following table: 
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From these data may be obtained by simple calculation the following 
table in which figures are given to the nearest whole number: 


Percentage in air dried Weight in milligrams for Weight in grams 

sample of— entire haul of— oF plankton under 

Number of sq. m. of surface. 

haul, pI AL ee a Tala VBE 0 
Organic.| Entire | Ash,not) sand, |Airdried.| Ash. | Sand. |Airdried.| Ash. 

DG Wi ieee i 85.7 4,3 10.7 3.6 111 16 4.8 2.0091 0.2896 
».@ 1b. ee ee 86.8 18.2 9.8 3.4 2 9 2.5 1.3082 0.1629 
».4 9. Cie ae IY 22.6 7.4 23.2 54.2 1077 833 583 19.5118 15.0773 


A microscopical examination of XIII* and XIX* shows that they are 
very nearly pure plankton. We may then from the average of these two 
estimate that such plankton contains about 3.5 per cent of silicious mate- 


* These processes were very kindly carried out for me in the chemical laboratory of the University of 
Nebraska, by Mr. E. E. Nicholson, to whom my sincere thanks are due. 
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rial, 10 per cent of other earthy substances, largely calcareous, and 86 per 
cent of organic substance. The first element is entirely useless as food 
and the second somewhat so, but the third consists almost wholly of nutri- 
tive matter. From this somewhat rough calculation it may be seen that 
the plankton contains almost wholly matter useful as food and that the - 
percentage of useless matter is very small. 

Comparing these figures with those from XIX° it appears that there is 
in the latter haul an excess of 50 per cent in sand and 64 per cent in total 
inorganic matter. This represents foreign matter included in that haul 
and yet not all since there was also organic matter stirred up from the 
bottom in the haul and 75 per cent is a low estimate of the total foreign 
substance; this would make the actual volume about 7.5 cc. A more 
detailed description of the process and of its value in plankton studies may 
be found in another paper ( Ward, 96°), 

Hensen (87, p. 834) has made some determinations of the percentage of the 
various elements in oceanic plankton, with the following results for fresh 
plankton hauls, which were drained nearly dry and then subjected to 
quantitative analysis. These hauls were composed largely of diatoms and 
contained also a certain unknown amount of sea water: 


Wrranicamater. 2 ote le Le eet 42.1 25.5 39.6 
PILLAI Ca See ee eee hath SN eS) CS hel 2 wt 43.8 Ube 
PUSOMUG OT RaLtBe oe ee YD HR MO Rn dios 50.6 30.7 43.1 


The large percentage of soluble salts is undoubtedly due, in part at least, 
to the salt of the sea water, but even after the elimination of that factor, 
it will be seen that the lake plankton is very much richer in organic mate- 
rial, that is, in actual food matter. Some analyses of single species given 
by Hensen approach more nearly to the results obtained for the lake 
plankton. Thus Mysis, analyzed after drying, contained 89.6% of organic 
and 10.4% of inorganic matter; for Salpa the percentages were 85.4 and 
14.6. and for other species similar results were obtained. From this it 
appears that the lake plankton is much more nearly pure food material 
than the marine plankton, having not far from the same proportion of 
organic matter that is contained in the more favorable forms from the 
ocean. 

The total amount of plankton in the lake may also be estimated from 
the average volume of the two normal hauls XIII* and XIX*. Both hauls 
are from a depth of 25 m. and as will be shown this distance includes the 
great bulk of the plankton. The small amount below this limit will more 
than balance the deficiency in such limited areas as are less than 25 meters 
in depth. Under 1 sq. m. of surface at a depth of 25 m. these hauls show 
1.5 to 2 g. of plankton, which amounts to 15 to 20 kg. to the hectare. The 
total area of Lake Michigan is about six million hectares or six hundred 
square myriameters. A weight of plankton equal to 15 to 20 kg. to the 
hectare becomes 150,000 to 200,000 kg., or 150 to 200 metric tons to the 
square myriameter, or for the entire lake a mass of six hundred times that 
quantity, making the total weight of plankton in Lake Michigan not less 
than 90,000 to 120,000 metric tons.* Unless there is a much larger amount 
of plankton in the Charlevoix region than in other parts of the lake, a con- 
dition not at all likely, this estimate is conservative and falls below the 
true amount, since in it was discarded all the plankton lying below the 25 
meter line. It is true that below this limit there may not be a large quan- 


*A metric ton is almost exactly equal to the English ‘‘ long ton.” 


- 
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tity to the cubic meter, yet the enormous area of the lake and the consid- 
erable depth below that limit would make even asmall factor important on 
the whole. The table on page 50 shows that nearly half of this is con- 
tained in the surface stratum of two meters in thickness; or, expressed in 
terms of the actual amount, the surface two meters of Lake Michigan con- 
tains from 40,000 to 60,000 metric tons of plankton. 

This calculation may ‘be verified by a second computation, made on a 
different basis. As shown above, Lake Michigan is estimated to contain 
about 9,300,000 cubic meters of plankton. From the table given on page 
38, it appears that 1cc. of plankton weighs about .011 to .012 g., or 1 cubic 
meter would weigh 11 to12 kg. The total mass of plankton in the lake, 
9,300,000 cu. m., would on this basis weigh from 102,300,000 to 118,600,000 
kg. or 102,300 to 118,600 metric tons. The close agreement in the results 
reached by this and the preceding method is evidence of the correctness 
of the approximation. 

From these data it is easy to estimate the amount of plankton found 
under each acre of surface. Thus, 15 to 20 kg. to the hectare would equal 
12 to 16 lb. per acre of surface. In comparing this with the production of 
the land it is necessary to consider the very high proportion of organic 
matter present here. Hensen (87, p. 96) has made a similar calculation for 
the ocean on the basis of the sum total of increment in the plankton from 
haul to haul; thus in a dozen periods having a total length of 228 days, the 
sum of all the increments in the plankton was 4,162 ccm.; an average of 18 
ccm. per day, which in the course of the year would equal 6,570 ccm., and 
on the basis of analysis would contain 15-17 g. of organic material. The 
destruction of food matter by the Copepoda he had previously calculated 
at 183 g. yearly; hence the total yearly production must be at least 150 g. 
per square meter of surface. The estimated production of a similar area 
In grain would be 180g. of dry organic matter, so that the water is little 
if any inferior-and the consideration of other factors may easily show its 
productivity to be greater than that of the land. 

More recently Zacharias (95, p. 107) has essayed a similar estimate on 
the basis of a single element, the increase in the amount of Melosira which 
reached within 29 days the sum of 1,500 kg. per hectare, or 1,200 lb. per 
acre. 3 

From comparison of these figures with those of the fertility of 
the land, as measured by various crops, these authors are inclined to believe 
the productivity of the water equal to that of the land, or even slightly 
greater than it. There are, however, certain sources of error, especially 
in the latter comparison, which materially influence the result. In the first 
place the comparison is made by both authors with land in a high state of 
cultivation, whereas, the water is as yet untouched by like processes of stimu- 
lation. But more than this, the land which is taken as the basis for com- 
parison, is protected from inroads and the entire product of its fertility stored 
up for future use. In the case of the water, the plankton is subject to 
daily and hourly diminution, one form devouring another until the mate- 
rial is finally carried beyond the reach of all calculations. The periodic 
increase in the volume of the plankton takes place in spite of the constant 
drain on its mass; and even were there no increase at any time, it isclearly 
evident that there must be active growth to keep the volume constant. 
To measure this growth, or to arrive at an approximate idea of the fertility 
of the water is, I think, beyond the limit of present possibilities. More 
data with reference to the continuous consumption of the plankton than 
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those afforded by asingle group must be obtained before we can estimate 
its ratio of growth. But least of all can the productivity of the water be 
measured by the abnormal increase of a single factor in the plankton. 
One thing is certain the productivity of the water is great enough to keep 
the food supply intact against all inroads made thus far. When the first 
European settlers reached this region they found the waters of the lakes 
teeming with fish. At least an equal number could thrive now in these 
waters. 


DISTRIBUTION OF THE PLANKTON. 


The distribution of the mass of food material is of the greatest moment 
for the fish culturist and the existence of variations in the quantity 
deserves careful investigation. There are in fact several problems here, 
The plankton may be equally or unequally distributed at various times of 
the year; independent of such seasonal variations there may be also varia- 
tions in the amount found in different parts of the lake, the horizontal 
or areal distribution, and finally at any given time of year and point in 
the lake the plankton present may be unequally distributed in various 
levels of the water The last question, that of vertical distribution, may 
be subject to modification during the course of twenty-four hours as a 
result of periodic migration or of passive change in level on the part of the 
various components of the plankton. Each of these questions will be 
discussed in the light of the investigations made at Charlevoix. 

It is evident that only long continued observations in any region can 
throw light on the first question, that of seasonal distribution. Thus 
far the only information on the yearly variations of the plankton in any 
locality comes from a paper by Apstein (92) in which is given the yearly 
curve of plankton volumes for Gross Pléner See in Holstein. This 
shows a rapid increase through August and September to the maximum 
which falls near the beginning of October and an equally rapid decrease 
from that time through November. The minimum occurs in February 
but the decrease to it and increase from it are gradual. It would be ven- 
turesome to hold that the seasonal variation in Lake Michigan was the 
same, yet a similar increase in amount with the rising temperature of the 
water and decrease with lowering of the same is altogether probable. If 
this be so our observations were made during the time in which the volume 
of plankton was approaching its maximum. 

If long extended observations are necessary for the determination of 
seasonal variations, the reverse is true in the investigation of horizontal or 
areal distribution. In order to avoid the progressive yearly variations in 
the mass of plankton those observations which are to be used for comparison. 
in determining horizontal and vertical distribution must be made within a 
limited time. It is evident then that the series of hauls made in Lake St. 
Clair and in Lake Michigan are peculiarly fitted for the discussion of 
these questions since each series fell within a limit of ten days; and since 
both were made at almost exactly the same season of the year they may 
safely be compared with each other also. The results possess great 
strength as scientific evidence since they are deduced not from single iso- 
lated experiments, in which error or chance may play a promiment part, 
but are based upon systematic observations numerous enough to eliminate 
chance and to show whatever errors may inhere in the methods employed. 
This cannot be too strongly emphasized in the light of a growing tendency 
G e 
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to discover principles and to corroborate the work of other investigators 
on the evidence afforded by a single experiment! 

The first element which may be considered in its effect on areal distribu- 
tion is depth. The hauls made in the Charlevoix region are well fitted to 
afford evidence on this question since they cover very wide conditions in 
respect to depth. Omitting those few hauls which have already been set 
aside as experimental or failing to agree in some important particular with 
the others, the remainder may be grouped in four classes; the first three 
include those made in Lake Michigan and the fourth those from Round 
and Pine lakes. Class A includes Lake Michigan hauls made in water 
from 4 to 12 meters deep; B those from a depth of 20 to 42 meters and C 
comprises those hauls from water whose depth varies between 50 and 130 
meters while in D are grouped all those made in Round and Pine lakes 
where the water was 4 to 30 meters deep. The hauls under D are not suf- 
ficiently numerous for subdivision although they evidently correspond to 
those of both A and B in Lake Michigan. 


Total No. 

A. Shallow hauls in Lake Michigan include XII, (XIV),* XV.__ 6 
B." Medium). yes ‘ CED TV) TX an 

XVI, XVII; XIX, XX ORME XRT ee eee 4] 

C. Deep hauls in Lake Michigan include (I, [II,) X, XI, XVIT_- 22 
D. Hauls in smaller lakes include V, VI, VII, (VIII), XXIII, 

XATV YG RM V RR V Tee i 30 

Total number of hauls made2_2i 0 ee » 99 


If for the various bottom hauls the total amounts of plankton obtained 
are brought together and then averaged for the separate groups, we have 
the following: 


ANOS OE Station ee Ie airs eee eae Ler een eae XU. XIV XV Average 
Total volume in cc. of plankton obtained -___________- ._..__-.___- 1.35 8.61 2.95 2.64 
B. No. of Station__-.__-. II. | IV. | IX. | XIII. | XVI. | XVUII.} XIX. | XX. | XXI.| XXII./ Av. 


Total volume in ce. ef 5.08 | 9.50 | 6.41 7.91 6.98 4.95 |? 11.90 | 6.08 | 4.90 5.60 | 6.16 
plankton obtained -__- LHe ge oe), Mtn ed SSD = es) cael FE Pe fee aL Beer 


Considering then the Lake Michigan stations alone it is evident that at 
least to the limit of our experiments, the total amount of plankton 
increases with the depth of the water. The average amount for all stations 
in Lake Michigan is obtained from the total average of the three tables, 
and reaches 6.16 cc., being curiously the same as the average amount for 


* Those in parenthesis are not available for the study of the various strata. 
** Omitted in the average for reasons given on page 45, 
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stations of medium depth. For comparison the table of total amounts for 
class D is given here. 


D. Number of Station -_______. V. Vi. VIL, |) VILT. pXCRgrT. xxiv, XXV. | XXVI.| Av. 


CN ee ee ee ee ee 


Total volume incc.of plank- § 8.50 3.78 5.20 8.55 3.83 1.52 
ton obtained ._.-_...-......- 


It must be remembered that Group D includes stations of all depths in 
Pine and Round lakes and ought to be compared with the sum of A and 
B rather than with any one or all of the Lake Michigan groups. From this 
it would appear that the total amount of plankton is somewhat smaller in 
Pine and Round lakes than it is in adjacent waters of Lake Michigan. 

From Reighard’s table of plankton hauls (pp. 29, 30) the average amount 
taken in all bottom hauls in Lake St. Clair is found to be only 0.63 cc. and 
for the four bottom hauls taken in Lake Erie 2.98 cc. It is difficult to 
compare these amounts correctly with each other or with the results given 
above, since the depth is different at each station; and there is further- 
more no basis for comparison with the results obtained by other 
investigators with a vertical net of a different size. If, however, instead 
of taking the total amount of plankton obtained in each bottom haul, we 
compare the amount per cubic meter of water as found for each bottom 
haul by calculation and entered in the last column of the table, close com- 
parisons can than be made between the different hauls. This is done in 
the following tables: 


ACEEN TM DOrOl StAtlON Ee 25-4. peere ce ee ee ee Ne ea ae XII XIV XV Av 
Amonunt of plankton in cc. per cu. m. of water_________-.-_------. 5.68 8.16 5.34 6.39 
B. Number of Station.__.__.__- II, | IV. | TX. |XIII.| XVI. | XVIII.) XIX | XX. | XXI|} XXII.| Av. 


Amountof plankton in cc. per ; 3.82 | 4.91 | 4.46 | 4.77 | 5.38 2.49 | 5.98 | 2.68 | 4.08 2.41 3.82 
eu: mM; of water. 25 Bi20) cn. ee sph lig WR UIA a a fae ia) ee a re ores ere ne Aya a 


C. Number of Station -.-.__-._--.__-.______- I III x XI XVIE Av 
Amount of plankton incc. per cu. m. of 

SC id S90 tele eth nea t 1.64 2.70 201 1.52 1.23 1.82 
D. Number of Station _____._-- Ni: | VI. VII. | VIMI. | XXIII.) XXIV.} XXV. | XXVI.| Av. 


a | | || | Mm 


Amount of plankton in cc. ; 2.88 2.28 3.14 5.84 8.96 6.88 3.17 2.34 3.98 
per cu. m. of water _-__- __-_- 


From these tables it appears that the volume of plankton per cubic 
meter of water is greatest at the shallower stations, and least at the deepest 
stations while the medium hauls retain a mean position with reference to 


* Not averaged ; see pages 88 and 45, 


44 MICHIGAN FISH COMMISSION—BULLETIN NO. 6. 


the others. Before comparing the stations in class D it should be noted 
that there may be taken two sets of hauls corresponding to groups A and 
B; the first consists of VIII and XXIV, hauls having a depth of 4 to 11 
meters, and agrees almost exactly with the limits of class A (4 to 12 m.) 
while the hauls V, VI, VII, XX VI from depths of 21 to 30m. correspond 
closely to the shallower half of class B. Hauls XXIII and XXV come 
between the two and are set aside for the moment. The average volume of 
plankton per cubic meter of water is for the first set 6cc., a trifle less than 
the average of hauls in class A, and for the second set it is only 2.66 cc. . 
which is much less than the average for class B. It should be noted also 
that the hauls correspond only to those in the shallower half of class B 
and this should have the greater amount of plankton per cubic meter of 
water if the principle just stated, namely, the decrease in amount of — 
plankton per cubic meter of water with increase in depth of the water, 
holds true of the stations in general as it has already been shown to obtain 
in the artificial groups A, B, and C. And in fact the average for those 
stations in class B having a depth between 22 and 30 meters is 4.18 cc. 
which is nearly sixty per cent greater than the average amount from the 
stations of equal depth in Pine Lake. This seems to show first, that the 
average amount of plankton per cubic meter of water is somewhat less in 
Round Lake and in the shallow part of Pine Lake than in corresponding 
depths of Lake Michigan; and secondly that in the deeper portion of Pine 
' Lake the amount of plankton per cubic meter of water is very much less 
than at stations of equal depth in Lake Michigan. 

Comparisons simply by figures such as the preceding are somewhat 
unsatisfactory in that they can not ordinarily be kept in mind or arranged 
in such a way that their interrelation becomes perfectly clear. So, for 
instance, in the sets of tables just given (pp. 42 and 43) it was shown that 
the total volume of plankton increases with the depth but the volume per 
cubic meter of water decreases under the same circumstances. This was 
clear as between the three artificial series of hauls, A, B, and C, of which 
averages were given. But the question is naturally suggested as to whether 
it also holds true of the terms of the series and to what extent it is regular 
or periodical. In other words, are the increase in total volume of plank- 
ton and the decrease in volume per cubic meter of water comparatively 
constant, or does one find sudden changes at certain points. It was in the 
course of studies upon these questions that I hit upon a method of repre- 
sentation which shows these relations most clearly and unmistakably. 

If common ‘cross-section paper”’ of suitable size and ruling be employed 
and if the vertical lines be taken to represent stations and the horizontal 
lines distances or amounts, a line may be drawn connecting the various 
points denoting the depth of each haul, and this may be called the line of 
depths. Similarly, by connecting points, indicating the total volume of 
plankton obtained in a bottom haul at each station, a line of total volumes 
is obtained and in a like manner a line of volumes per cubic meter of 
water. The position of the lines will then indicate clearly the relations 
between the factors of depth, total volume and volume per cubic meter of 
water. This has been done for all the bottom hauls in Lake Michigan 
(Pl. I), which are arranged in order of depth so that the line of depth (D) 
turns continuously in one direction from the shallowest haul (XII) at one 
side of the pte to the deepest (X VIL) at the other. The course of this 
line of total volumes ('T ) is not entirely in the single direction, but there 
are numerous retrogressive variations, the most marked of which is that 
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made at the vertical XIX. This was a noticeable point in the first rough 
draft of the plate, and I set at once to work in order to find, if possible, 
the cause of such an irregularity, for, when there could be found no mis- 
take in the calculation, the idea of a swarm came up at once since such an 
abrupt increase and decrease in comparison with the antecedant and the 
subsequent haul of nearly equal depth must have been due to the localized 
massing of the plankton, in full or in part, or to something foreign. It 
proved to be the latter; for in my field notes was entered against this haul 
(XIX°) “full of sand,(current?), probably poor for measuring,” and at the 
time of measuring this tube of plankton I noted opposite the amount, “ too 
much sand, throw out.” By approximationfrom the hauls of (X VIII) and 
(XX), which agree closely in time, place, and general conditions, as well as in 
amounts at other depths, I judged the amount of true plankton to be about 
7.5 cc. instead of 11.90 cc. as measured and entered in the table.* This 
haul is more fully discussed elsewhere in connection with the vertical dis- 
tribution of the plankton. I have hence drawn a dotted line to indicate 
more nearly the true relation of the plankton for XIX. As far as the other 
variations are concerned, they are not sufficient to change or even mask 
the relation of this line of total volumes to the depth, and hence they may 
be passed here. It may be that they are due to a cause similar to that in 
the case just explained, but less in amount, or to errors in the instruments 
or methods employed, or finally to actual small variations from the normal 
in the amount of plankton in a certain place. 

So far as the general tendency of this line (T) is concerned it agreed 
with the line of depth but shows also an individual variation. During the 
first part of its course it indicates a uniform increase in the total volume 
more rapid than the increase in depth; after a depth of about thirty 
meters has been attained, however, its direction is variable and uncertain 
until the sudden change in depth between X and XI where it marks an 
increase less decided than that in the depth. Theslight decrease at X VII 
would be an equally slight increase were the amount for the haul of 50 
meters at this station substituted for that from the bottom; that is the 
amount of plankton is approximately equal at the two stations XI and 
XVII. The relations between the depth and the total amount of plankton 
present may be summarized as follows: Up to about thirty meters of depth 
the amount of plankton found in the lake increases more rapidly than the 
depth, but beyond fifty meters decidedly less rapidly. Further experi- 
ments are necessary to determine whether there is comparative uniformity 
in amount or a slight increase for depths beyond one hundred meters. 

The third line on this plate (R) joins points on the verticals of the vari- 
ous stations, indicating by their distances from the upper margin the 
amount of plankton in cubic centimeters per cubic meter of water, as 
shown in the last column of the table (pp. 32-34). In contrast to the line of 
total volumes last considered it may be called the line of relative volumes. 
It will at once be clear that it follows the opposite direction from the line 
of total volumes and shows a decided decrease from the shallower stations 
to the deeper. It is also most irregular in the first half of its courss and 
there also departs most from the dotted line of averages which is almost 
coincident with it near the end. This is undoubtedly due in large part to 
the greater influence on the amount per cubic meter which is exerted by 
errors in the capture of the material or in measurement later, since the 
divisor, the depth of the water, is a smaller number for the shallower sta- 


* Almost exactly the same result was reached by a more complicated method ; see p. 38. 
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tions. An error of measurement for instance causes a greater departure 
from the normal when distributed over only eight meters of depth than 
when divided among fifty to one hundred meters. 

In the next place it is evident that local conditions influence most 
strongly the shallower stations. Some are sheltered by projecting shores 
or are on wide areas of shallow water where the temperature is higher than 
in a more exposed situation. Currents or winds may also accumulate 
plankton at such points or may reduce the average amount somewhat. All 
of these agencies are less likely to act unequally in the freer open waters. 
At some of the shore stations, which show the greatest variations from the 
average a current could be noticed but it was difficult on account of the 
wind and the roughness of the water to determine without special instru- 
ments which were not at our command, its direction and strength. The 
dotted line which is a part of the line of relative volumes is thought to 
indicate closely the average amount of plankton per cubic meter of water 
and the irregularities of the solid line (R) show then the variations from 
that average. It will be noticed that no variation is equal to one-third of 
the relative volume and that most of them are very much less than that. 
The extreme deflection at XIX is of course due to the same cause as that in 
the line of total volumes and the dotted line from X VIII to XX indicates 
a correction on the same basis as that already discussed for the line of total 
volumes. 

It may be noticed that some stations are omitted from the chart. They 
are those mentioned on page 42 at which, owing to various causes, a 
series of hauls was not made and which on that account cannot be used in 
the following tables and in the discussion of the vertical distribution of 
the plankton. They are therefore omitted here also in order that the 
various charts may be capable of being exactly compared. If included, 
the lines on the chart would not have been materially altered. 

The following conclusions may then be drawn from these studies as to 
the amount of plankton in Lake Michigan in the Charlevoix region. 

I. The total volume increases with the depth, but more rapidly for 
depths up to about thirty meters than beyond that point. 

II. The volume per cubic meter of water decreases as the water grows 
deeper. This decrease is irregular for the shallower stations, but compar- 
atively constant in deeper water. 

III. No variation is large enough to warrant the assumption of the 
existence of alternate densely crowded and barren areas in the water, i. e. 
of masses or ‘swarms’ of the plankton as a whole. 

On plate I® are plotted the same lines for the stations, in Pine and 
Round lakes. A glance will suffice to show that the same conclusions may 
be drawn here also, the total volume of plankton obtained in the bottom 
hauls increases comparatively regularly with the depth and with approx- 
imately equal rapidity for all depths reached. However, all stations 
made, and in fact the extreme depth of the lake, fall within the thirty 
meter limit which was seen to be about the termination of the rapid 
increase in the total volume of plankton in Lake Michigan. The amount 
per cubic meter of water as shown by the line of relative volumes (R) 
decreases very rapidly in the shallower regions but remains comparatively 
constant for hauls of twenty meters or more. The numbers of hauls in 
Round and Pine lakes is rather small to use as the basis of general con- 
clusions on the distribution of the plankton in these waters, but so far 
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as they go they show exactly similar conditions to those prevailing in Lake 
Michigan. ‘ee 

In the comparison, which should be made only with the part of IA 
lying to the left of the vertical XIII, however, it is noticeable that both 
the line of total volumes and that of relative volumes fall above the 
corresponding lines for stations of equal depth in Lake Michigan. With 
the exception of those at the shallowest station all hauls in the smaller lakes 
show both absolutely and relatively less plankton than was taken in hauls 
of the same depth from Lake Michigan. 

I have taken from the table given in Reighard’s report corresponding 
data on the depth, the total and relative volumes of the plankton for Lake 
St. Clair and have plotted them in a similar manner (PI. III). The 
line of total volumes (T) increases slightly but with striking uniformity 
from the shallowest to the deepest station and throughout its course 
closely parallels the line of depth (D). The line of relative volumes (R) 
is somewhat irregular, especially at the shallower stations. A general 
tendency in its course is not pronounced but it certainly does not show a 
decrease with increase in depth. In other words the total amount of 
plankton per cubic meter of water, taken in bottom hauls in Lake St. Clair, 
seems to be nearly if not quite independent of the depth of the water. 

The explanation of the apparent contradiction between this and the 
distribution of the plankton in the northern lakes as described above, is to 
be found in the widely different conditions which obtain in the two places. 
Only one station in Lake Michigan came within the limits of the deepest 
of the sixteen bottom hauls in Lake St. Clair. The meagre depth of the 
latter region is accompanied by minimal diferences in the temperature of 
the water at the top and bottom, 1° C. being the greatest difference 
recorded. In the next place the considerable inflow and outflow cause 
rapid exchange and continual mixing of the water at ail levels and make 
Lake St. Clair merely an expansion in the course ofa river. It is as such 
subject to widely different influences which yield results naturally unlike 
those that obtain in the deep and stable waters of the northern lakes. 

In one respect the chart of hauls from Lake St. Clair affords even more 
decided evidence than those of Lake Michigan and Pine Lake. There is 
no difference considerable enough to warrant the assumption of the exist- 
ence of swarms of the plankton as a whole. 

The question of temperature was carefully studied but I was unable to 
detect any relation between the volume or variations of the plankton and 
the temperatures recorded at the various stations. I was also unsuccessful 
in discovering other factors which affect the areal distribution of the mass 
and am inclined to think that in the St. Clair and Charlevoix regions at 
least depth is the only prominent factor influencing the horizontal distri- 
bution of the entire mass of the plankton. 

The entire discussion thus far has been based upon a study of the vari- 
ous bottom hauls, but there was made also at each station a series of 
partial hauls. The comparison of these partial hauls with each other and 
with the bottom hauls show some particulars with reference to the vertical 
distribution of the plankton as a whole which deserve consideration here. 
In the courses of corresp »ndence with Professor Reighard during the past 
year, he sent me a synopsis of the possibilities in the case which seems of 
much value in its bearings on the question under consideration as to war- 
rant its reproduction here. 

“The following conditions are possible with regard to the distribution 
of plankton in a body of water. 
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I. The plankton may be uniformly distributed through the whole volume 
of water. This condition is thought not to exist in nature. 
IT. The plankton is unequally distributed, and the water may be divided 
into artificial strata in which 
A. The volume of plankton per cubic meter of water is unequal 
for haere strata of equal thickness but 
1. Equal for different parts of the same stra-_ 
tum.—This is the condition to be expected 
from the nature of the environment which 
in so far as it is not influenced by currents, 
may be said to vary with the depth but to 
remain constant throughout any thin hori- 
zontal stratum. It is the condition defended 
by Apstein and would yield in all parts ofa 
lake equal volumes for equal depths, whether 
hauls extended to the bottom or not. 

2. Unequal for different parts of the same 
stratum, in this case there are two possible 
groups of cases. 

a. The inequalities of the strata may 
be so arranged as to compensate 
each other in such manner that in 
vertical columns of water of equal 
dimensions extending from the bot- 
tom to the surface there will always 
exist equal volumes of plankton in 
different parts of the lake. This 
would result from II. A. 1. in cage 
migrations of large numbers of 
individuals occurred only vertical- 
ly. This condition would yield 
equal volumes for equal bottom 
hauls but unequal volumes for some 
other equal hauls. 

b. Or arranged without reference to 
each other so that vertical columns 
of water of equal dimensions and 
extending from surface to bottom 
will usually contain unequal vol- 
umes of plankton in different parts 
of the lake. This would result from 
LorII. A.1, by migration of masses 
of individuals horizontally or ob- 
liquely. Such migrating masses 
may produce local accumulations 
of any conceivable form or size, 
sucb as spheres, sheets extending 
horizontally or vertically, etc. They 
are thus capable of producing a 
wide range of variation in the vol- 
ume of the plankton from bottom 
and other hauls. 
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The migrating masses may consist of all the species existing in the 
plankton and in the proportions in which they exist there—in which case 
the resulting local accumulations may be called plankton swarms; or they 
may consist of one or several species and might be called species swarms. 
Species swarms occurring in such way as to compensate one another would 
remain undetected by the volumetric method.” 

The work of the first day with the vertical net was experimental, and 
does not show any uniformity in the number or depth of the various hauls 
at each station, as given in the table, page 32. They cannot be used for this 
reason in the comparative study of the strata. In all hauls thereafter we 
distinguished a number of artificial strata as follows: 


1. A surface stratum from 2m. to the surface. 
2. An intermediate stratum from 5m.to 2m. 


3. An 66 ey 6c 10 66 66 5 66 
4, An 66 66 66 95 6c OE 10 66 
5. A deep 6é 6¢ 50 66 66 95 6é 
6. A 66 6c 66 100 66 66 50 66 
(Aig “below 100 “ 


Twenty hauls each were made for the first two groups, while only two 
fall in the last group, and in all calculations, except the first table where 
all hauls are recorded, these are included in the stratum above as from 
the bottom to 50 m. The amount of plankton under one square meter of 
surface obtained in the various hauls from Lake Michigan is shown in the 
following table: 


Number of Station _____- IX, EXC NC Lm AGT Dee Xe Ve EXC VST ol WA Darl NGWsR Lie XGL ey [to KoXcet7OKOKO Me | eK TE 
2m, to surface _______- 19.37) 18.46] 22.08) 28.42] 25.84] 27.15 23.85 26.25] 25.70) 18.46) 23.17 17.74 
5 m. to surface _______. 40.78] 26.25) 35.30) 41.63) 31.18) 42.35 44,35 33.67) 34.93) 31.68] 35.11 24.98 
10 m. to eurface ______-_- 54.66] 47.78) 66.61] 79.64) 53.40) 80.91 88.69 49.23] 58.88] 49.59) 50.82 49,41 
25 m. to surface ____-__-_- 117.29) 96.84/115.48)169.24|______ 126.34) 159.28 90.14/118.56) 82.90} 88.69 75.84 
50 m. to surface ____-__. 116 02/106. 79/157 .83)148.17])._.._.|_____- 179.19 89.60} ? ? ?)110.05)_____. 101.86 
Bottom to surface __... -_|_..---]--_--- 170332 |e ee el ee IGO37 (eee are | eee eee [cee 
Depth of bottom haul _.| 26 53 «112 30 10 23.5 130 36 36 41 22 42 


The amount for the deepest stratum in each column represents the haul 
from the bottom, this usually does not coincide exactly with the deep limit of 
the stratum, but its extent can easily be told by the depth of the station, 
which is given in the lowest line of figures. 

Corresponding figures for the stations in Round and Pine lakes,are 
given in the next table. 


Number of Station 222. ....cz2.).-----22 BES face Tae V. VI, VII. | XXILI.} XXV. |XXVI. 


PETTELOOBULLACG Lr) 2 a eas ene oo es 23.89 22.99 30.41 29,82 21.72 25.52 

Dereaca surtace <2 30 ).8 ee ys ae hey aes 29.14 42,54 54,30 83,49 34.08 26.97 
BERTH NULLACE seers te Cent eke eee IL te eae ee Me A016) eS 56.65 45.43 56.11 47.06 
15omsto surface.2 204 oc cele bc EE ene pre a 2 aes 59.01 60.64 68.60 ese a PYLON | ean 8 
OLCOMIELOISDITL ACO rs ue tee ee mre ao hie FO ace 63.35 68.42 94.12 OO Sani eee eee 9.05 
DEH eniOmMOLLOMMNaUL oe aie en Sa ee ee es 22 30 30 175 15 21. 
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If now the amount given for the surface stratum of any station be sub- 
tracted from the amount taken in the haul from 5m. to the surface, the 
remainder may be held to represent the amount in the stratum from 5 m. 
to2m. In the same way we may obtain the amount for the stratum from 
10m. to 5m. and for that from 25 m. to 10 m., as also for the strata from,% 
the bottom to 25m. The results for the Lake Michigan hauls are given in,” 
the next table; they are, however, calculated to the nearest single decimaly 


only. B 
Number of Station .___- IX. | X. | XI. |XUIL.) XV. XVI.) XVID.) XVITD.) XTX) Oe XXII. 
2m. to surface ___.____. 19.4 | 18.5 | 22.1 | 28.4 | 25.3 | 27.2 23.4 26.3 | 25.7 | 18.5 | 23.2 17.7 
5M COs ee Oa 21.4 | 7.8] 13.2; 182} 5.8] 15.2 21.0 7.4) 9.2 | 18.2 | 11.9 7.2 
10\m: toga eo. 18.9 | 21.5 | 31.8 | 38.0 | 22.3 | 38.6 44,8 15.6 .| 23.9 | 17.9 | 15.2 2c 
25m 3010 mee 62.6. | 49.1 | 48.9 | 89.6 |_____. 45.4 70.6 40.9 | 59.7 | 88.3 | 38.4 26.4 
BO Mm to 20min -1.8 | 10.0 | 42.4 |-26.1 |.-.-_.].__-_- 19.9 0.5. (2 22) 272i seve 25.5 
Bottom to 00 my ae a 1201) Pee Eee Ai lesen 18.8 [oon 5 225s | Seco eel ee a ry 
Depth of bottom haul __| 26 58. | 112 30 10 23.5 | 180 86 36 41 22 ea 42 


These artificial strata are, however, of very different thickness a in 
order to compare the amounts contained in them with each other it is neces- 
sary to reduce them to a common term, namely, the amount of plankton 
per cubic meter of water. This is done by dividing the total amount in 
any stratum for any station by the thickness of the stratum, and the results 
are given in the next table. 


Number of Station.| IX.) X. | X1.|XLII.| XV. | XVI.| XVII. | XVIII} XTX.) XX. | XXI.| XXIT. 


Amount per cu. m. 
in stratam 0-2 m... 
In stratum = -5 m,_ 


: $6 10-25 m. 

ts ou 25-50 m.|-1. 
‘ 3 50m. to} — 
Dotto aa ey all] betes ee 


ety eeu pk 26 {53 |112 | 30 


It is at once apparent that the surface stratum contains a much greater 
amount, than any other stratum, on the average more than twice as much. 
The intermediate strata are not far from equal, and the deeper strata are 
almost without plankton. Reighard found in Lake St. Clair that the 
amount in the surface stratum which in his experiments was taken to be 
only of one and one-half meters in thickness, was greater than the 
total amount below, but this was evidently due to the. shallowness 
of the water. In Lake Michigan it was nearly true of the shallowest station 
in the table (XV), but at all others the total amount below the.tWo meter 
level was much greater than that above that line. Proportionally, however, 
the surface stratum is always much richer than any of those belowit. In 
this connection it should be pointed out that the upper level, be it 1.5 or 
2m.,is most susceptible to error. The time is estimated with creat difficulty 
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and hence the velocity is hardly correctly obtained. When an average 
velocity is made the basis for the correction of all hauls, as in the table 
used here, this difficulty is of little importance. More weighty errors are 
due to wave motion and to the difficulty of limiting exactly the depth 
desired since the error is a much greater part of the whole than the same 
amount would be for deeper stratal hauls. One would expect, however, 
errors in both directions, and since the minimum amount of plankton in 


' the surface stratum is more than the maximum amount in any other deeper 


stratum it is evident that the difference in the true volumes of the strata is 
greater than double the possible error. Furthermore, the fluctuations in 
the amount of plankton contained in the surface stratum are not due to 
this alone since they are no greater than the variations for other strata 
where these errors play a lesser and evidently somewhat insignificant part. 

The amounts in the various strata in Pine and Round lakes are obtained 
in like manner, by subtraction, and are as follows: 


Number of station-____- “hE Soa Ss Ce Re anno se kV VI. Ville Xe LET OX EXON ee 
AEE COMBULLACG eee ee ee oe es 23.9 23.0 30.4 29.3 29.0 21.7 25.5 
DSN ee TS a ee ee ne ee ES ue ve ee 5.3 19.6 23.9 4,2 -1.5 12.3 1.5 

iL OF 3xe AGO DUTT ed eee ee ee Uh eli 15.0 ‘ 18.1 ; 2.4 TP.OY eee 22.1 20.1 

TIP RCO UM ween ences ween oe Th ee Pa 14.9 ; 12.0 ‘ 23.9 5 Lydon -8.5 t 2.0 

SOL SOI CO) LOLI Ae ere ce a Pee ae 4,3 7.8 25.5 ADM? he seal 00) 8 PEE ee 

Wotitinig iietera te kode cl, eee 22 30 30 17.5 4 15 21 


If, now, the amounts per cubic meter of water in each stratum be found 
as before, the table becomes: 


Av. volume. 


Number of Station-2< 2.22222 so WP A Ailes NO ND. GB bee. @. 4) O91) D.-@.0,/4 3). O.3' 4 IF Pas 
In 
cent, 
Amonutt per cu. m. in stratum 0—2 m.| 11.9 | 11.5 | 15.2 14.7 14.5 10.9 12.8 13.1 64,8 
Pirstratam 2: LO Mise ee see 1.8 6.5 8.0 1.4 -0.7 4.1 0.5 3.1 15.3 
es # a O ae ry 5) dah) Ie gs eS ap ee 0.5 Pe eae ee Me 4.0 2.7 18.3 
= : COLD Dee ee eee : 1, Beker Linen) Suen ote -1, 
Ly ue 15 m. to bottom_____._.._-| 0.6 0.5 1.7 ‘ 3.2 ; FEOSEN eee * rf 0.2 1.3 6.5 
Depth of haul in meters ___.__-______- 22 30 30 17.5 4 15 21 fee eee eee 


Here again it is evident that the surface stratum contains much more 
than any equal amount of water below it, in every case at least twice as 
much, and on the average four times as much as any otherstratum. Both 
the average and the extremes show that the surface stratum in Round and 
Pine lakes contains noticeably more plankton than the surface stratum in 
Lake Michigan. The deeper strata, however, appear to be decidedly 
poorer than those in Lake Michigan. 

The results given in these last two tables are much more easily examined 
when represented graphically, as in Plate II. As before, the vertical lines 
represent stations and the horizonial lines volumes or depths as indicated 
at the margin. The order of the various stations is the same as that of 
Plate I, and the dotted line of depth (D) is repeated here for convenience. 


* These wers not taken as two separate hauls but together as one. See table page 382. 
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The points representing volumes of plankton per cubic meter of water at 
various depths are connected to form lines, S of the surface stratum, 2-5, 
5-10, etc., of the other strata. The interrogation points on XIX indicate, 
in the case of the one at 8.8 cc. the total actually obtained for the stratum 
25-50 m., sand and all included (see p. 45), and in the case of the upper mark, 
a possible true value for the plankton less sand and other extraneous 
matter. At VIII the mark indicates that the observation for this depth is 
lacking. Theline B on Plate I[4 represents the stratum 15 m. to bottom, 
which does not correspond exactly to any in Lake Michigan. Otherwise 
- the strata are represented by similar lines on the two portions of the chart. 

The results from Lake Michigan (II4) may well be considered first sepa- 
rately from those of Round and Pine lakes (II®). The line (S) of 
volumes in the surface stratum (0-2 m.) pursues a somewhat irregular 
course from one side of the chart tothe other. The irregularities in it are 
independent of the depth and, as comparison with Plate 14 shows, also of 
the total volume and of the relative volume of plankton. J have plotted 
on charts not given in this report the fluctuations for these hauls in 
temperature of this stratum and in time of day without finding any 
general agreement between them and the variations in the amount of 
plankton in the surface stratum. These latter may be due in part at least 
to errors in the apparatus, in the methods of obtaining, or measuring the 
plankton, or they may depend upon the combined effect of several causes. 
At present, however, the irregularities must be left unexplained. 

The lines representing the three intermediate strata occupy a mean | 
position on the chart. ‘They are subject to very considerable variations 
which bring first one and again another uppermost, but which are 
never sufficient to confuse any one of them with the lines of the surface 
stratum or of the deeper layers. On the plate the line of volumes per 
cubic meter of water in any stratum is marked by the limits of the stratum, 
eg. 2-5 m., but in the discussion each may well be designated by the 
numeral of the deeper limit of the stratum, thus the 5 m. line would indi- 
cate the line of plankton volumes per cubic meter of water in the stratum 
2-5., or bottom if shallower than 5 m. 

The 5 m. line shows no relation to the line of depth, nor to that of the 
surface stratum, and only an uncertain parallel to the line of total volumes 
(Plate I4), as if it in general influenced the direction of the latter. The 
10 m. line appears to have no fixed relation to the line of depth, to that 
of total volumes, or to the 5 m. line. There is, however, a striking sgree- 
ment in direction with the line of the surface stratum; what may be the 
significance of this | am unable tosay. At one station (IX) only is the 
10 m. line on the chart, far above the 5 m. line, at two (XXI, XX) it is 
a little higher and at a'l others decidedly lower, thus indicating more posi- 
tively than the average of the table (p. 50) that the 5-10 m. stratum 
contains more plankton per cubic meter of water than the 2-5 m. stratum. 
At [X the 2-5 m. stratum seems to have gained plankton at the expense of 
both the surface stratum and that of immediately below itself (5-10 m.) 
The possible significance of this will be discussed later. 

The 25 m. lines shows no particular relation to the lines of depth, of total 
volumes, or of the surface stratum. It is more nearly parallel to the 5 m. 
line than to the 10 m. line, and on the chart lies below the latter in one 
case only (IX) while it is above the 5 m. line in seven cases and below 
in four. The amount of plankton per cubic meter of water is, then, in the 
10-25 m. stratum clearly less than in the 5-10 m. layer and considering the 
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number of cases more nearly equal to the amount per cubic meter of water 
in the 2-5 m. stratum than the average of the table (p. 50) would indicate. 
The amount of plankton in the intermediate strata is variably more or 
less, and relatively nearly the same for the various stata, but always much 
less than in the surface stratum and equally clearly more than in the 
deeper strata. It is less than zero in one instance only, for the 2-5 m. 
stratum at XII.,* where the depth of the haul is only 4.3 m. 

The 50 m. line shows no apparent relation to any of the others; it indi- 
cates a negative amount of plankton in at least three cases IX, XIII, 
XVIII, and never more than a very small positive amount. The same is 
truv in still greater degree of the 100 m., or bottom line, which lies once 
just above and once just below the zero line. The amount of plankton per 
cubic meter of water in the deeper strata is thus clearly shown to be 
exceedingly small. 

In Round and Pine lakes (Plate IL®) the relations are substantially the 
same. The line of the surface stratum stands for a little larger amount 
and shows less extreme fluctuations. The intermediate strata contain 
much less plankton and are much more variable in quantity. The high 
average of the 2-5 m. stratum in the table (p. 51,) is seen from the chart to 
be due evidently to the enormous bend in the line at VI and VII; at all of 
the other stations the 10 m. line shows a greater amount of plankton than the 
5m. line. There are in the shallower water of these lakes no strata cor- 
responding to the deep ones of Lake Michigan, and the 10-15 m. stratum 
corresponds only to the upper third of the corresponding (10-25 m.) 
stratum in the large lake. In comparing these results with those in Lake 
Michigan it should be remembered that the meagre depth 30 m., of the 
deepest station entitles us to consider only the right hand portion of the 
other chart (II®) up to and including XIII. The number of stations in 
Lake Michigan of equal depth is about the same as the total number in 
Round and Pine lakes. 

In Lake St. Clair Reighard made hauls from 1.5, 3.0, 4.5 metres and 
bottom; if the second and third be added to the strata become 1.5, 4.5 and 
bottom which corresponds nearly with our strata of 2 m., 5 m., and bottom 
in the shallowest hauls. Combined in this way the hauls from Lake St. 
Clair yielded the following results where the volume of plankton under 1 
square meter of surface is given in cubic centimetres. 


Number of Station __-.___._-.--------__- IL. III. V. VI. VIL. xX xaVe XxSVIEE 

Pnistratum 150m, CO Osseo 10.3 15.8 11.1 8.0 9.4 7.6 Tes 7.1 
Me ae 4.5m. or5 m. to1.5 m..__--. 0 -2.3 2.5 4.8 30 3.0 6.4 2.5 
x us bottom: toi4.5 mast S| ee ee 4.9 Py Well as Je meat “ey 23-00 eo ee 

Depth of bottom haul in meters -___--_-_- 5 5.5 5.3 4.8 4.4 4.3 5.2 4.6 


By dividing in each case by the number representing the thickness of 


* By the use of the method of subtraction the amount of plankton in any stratum may become appar- 
ently less than zero where the total amount in the stratum is less than the fluctuations in the measured 
amount of the plankton in the superjacent water whether those fluctuations are due to errors in apparatus 
employed, in calculation or in measurement, to actual variations in the amount of plankton present, or 
finally to a combination of these causes. It will then evidently be most likely to occur where the depth of 
the bottom stratum is only small and where it is poorest in plankton. Instances of negative plankton 
qaantities due to the limited thickness of the bottom stratum are probably XII, IX, XIII, to poverty of 
ne bottom stratum XVIII, XVII, though both causes undoubtedly affect some of the cases to a certain 

egree, 
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the stratum, the amount per cubic meter in each stratum will be obtained. 
It is given in the next table: 


Number of Station......._____. II. III. V. VI. VIII. IX. XV. XVI. Av. 
In stratum 1.5.m. to 0 222: f 6.9 10.5 V4 5.3 6.3 5.1 5.0 4.7 6.4 
4.5 or 5 m. tol.5 ___- 0 0.8 0.8 1,5: } 11 Li 2.1 0.8 0.8 
as fy bottom to 4.5 m..-_.|___..__- 4,9 BOs 8) ee he ie A eee cae ee Fo ae Pola ae 1.5 


Compared with the averages from Lake Michigan and Round and Pine 
lakes as given in the tables, pp. 50 and 51, it is at once evident that the sur- 
face stratum in Lake St. Clair, contains only about half as much plankton 
as that in the other lakes; there is still less in the second stratum. The 
bottom layer was present in:so few cases that one can not draw any 
inferences from the exceedingly variable amounts given in the table 
above. They show, however, on the average about half as much as is found 
in the third stratum in Round and Pine lakes. 

When these results are plotted (Plate III) it is seen that the amount 
per cubic meter in the surface stratum undergoes a gradual increase with 
increasing depth. This, which was not true of the waters of the Charle- 
voix region, may be a characteristic of the extremely shallow water. One 
can think that the true plankton forms do not reach the conditions for 
most favorable development until further removed from the influence of — 
the bottom than the meagre 2 to 3 meters of the shallow hauls in Lake St. 
Clair. This supposition is apparently strengthened by the facts shown 
‘In the average of the table on the preceding page and is still more clearly 
evident on the plates.* The amount of plankton in the surface stratum is 
only about half as much in Lake St. Clair as in the northern waters, but in 
the deepest water of the former lake the amount is about the same as the 
smallest quantity recorded in the Charlevoix region. I am inclined to 
believe then that the amount of plankton in the surface stratum increases 
with the depth for very shallow waters until a certain maximum is approx- 
imated, and then is independent of the depth of the water. This is, how- 
ever, hardly more than a working hypothesis at present and deserves 
further careful investigation. 

The stratum 4.5-1.5 m. shows a certain decrease with increasing depth of 
water, the reverse of conditions in the surface stratum while the few obser- 
vations on a deeper stratum, bottom to 4.5 m., agree in general tendency to 
increase with the surface stratum. The amount in the middle stratum is 
evidently far below that in the northern lakes and the variations are more 
intense since the amount of plankton present becomes nearly zero more 
than once. In this respect, the lines on Plate IL®, for Round and Pine 
lakes agree more nearly with Lake St. Clair than do those of Lake 
Michigan. | 

The peculiar tendency of proximate strata to show variations in opposite 
directions is evident in Lake St. Clair as well as in Lake Michigan, in con- 
nection with which the matter is discussed. Here it is only necessary to 
say 1 regard this peculiarity as evidence of vertical migration of part or 
all of this plankton under circumstances not yet known. 

One feature deserves further discussion. No doubt it has already been 
noticed that the comparison between stratal hauls in the lakes is open to 


* Plates I, II, 1LI, are all drawn on exactly the same scale. 
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criticism since in Lake St. Clair the limits are not the same as in the north- 
ern lakes studied. It is true that as yet no definite information is at hand 
as to the exact position in a stratum which the mass of the plankton holds 
and if in Lake St, Clair a considerable part of the plankton from the 
stratum 1.5-4.5 m. were to have been found in the upper half meter of that 
stratum the total for the surface two meters would more nearly or quite 
equal that in the same limits in Lake Michigan. In the work on Lake St. 
Clain the stratal hauls employed were 1.5-0, 3.0—-0, 4.5-0, and bottom —-0. 
Now it is a curious fact, and perhaps not without bearing in the present 
discussion, that the method of subtraction gives for the four strata an aver- 
age amount of plankton per cubic meter of water of 6.4, 1.6, -0.1, and 1.5 ce. 
That is of the two layers, each one and one-half meters thick, which con- 
stitute the stratum 4.5-1.5 m., most nearly corresponding to that of 5-2 m. 
used in the Charlevoix work, the deeper one contains on the average a 
little less than nothing. 'This shows distinctly that the bulk of the plank- 
ton in Lake St. Clair, between the limits of 4.5 and 1.5 meters is accumu- 
lated in the upper half of the stratum; how much more narrowly it is 
limited cannot be told. Hence it may still be true that the upper two 
meters contains an amount equal to the surface stratum in Lake Michigan. 
If this is so, however, it is all the more true that the deeper water contains 
a minimal amount of plankton, far below that which is found in the 
waters of the Charlevoix region. 

One interesting general relation deserves special notice here though it 
has already been hinted atin the preceding. There seems to me to be evi- 
dence of opposite variation in adjacent strata and of parallel variation in 
strata once removed from each other, 1. e., decrease in the surface stratum 
seems to be accompanied in a majority of instances by increase in the 
25m. stratum and decrease in the 5-10m. stratum; and at least one of 
these two fluctuations appears to be generally characteristic of changes in 
any line. J am inclined to think this is evidence of vertical migration, 
under circumstances not yet apparent, of some elements of the plankton 
which, being normally near the artificial line of separation of two strata 
such as we used, would cause contrary variations in the two strata by 
passing from the one into the other. Reighard (93, p. 85) gives similar evi- 
dence of vertical migration by the contrary variation of proximate strata 
in Lake St. Clair. The solution of such questions depends, however, upon 
the location and movement of the species which constitute the plankton. 

In the work of Apstein on the Lakes of Holstein, the artificial strata 
employed were 0 to 2 meters, 2 to 10 meters and 10 meters to bottom. 
To compare the results of this work on Lake Michigan with his the amounts 
for the various strata must be added so as to give layers corresponding 
here to those he employed. If the table on p. 50 be treated so as to 
combine the strata in this way, the following table is made, showing 
in cc, the volume of plankton under 1 sq. m. of surface for each stratum 
at each station: 


Number of Station] IX. | X. | XI. |XIII.| XV. | XVI.} XVII. | XVIII.) XIX. | XX. | XXI. | XXII. 

2 m.—surface....-| 19.4 | 18.5 | 22.1 } 28.4 | 25.3 | 27.2 23.4 26.3 25.7 18.5 23.2 17.7 
10 m,—2 m2. LL 35.3 | 29.3 | 44.5 | 51.2 | 28.1 |] 53.8 65.3 23.0 33.1 31.1 27.1 31.6 
Bottom—10 m, ....| 61.3 | 59.1 |103.8 | 63.5 |._.__. 45.4 71.7 40.4 | * 16.5 60.5 38.4 51.9 


* Estimated. 
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Or reduced as before to common terms for comparison. 


Number of Stations_._.| [X.| X.| XI.| XIII.) XV. | XVI.| XVIL. | XVIII.) XTX.| XX. | XXI.} XXIT.| Av. 


es f Of ef | | | ee | ee ee 


Amount of plankton 
per cu. m. of water in 


surface stratum _____-. 9.7 | 9.2 |11.0} 14.2 |} 12.7 | 13.6 11.7 18.1 | 12.9 9.2 | 11.6 8.9 1 
In 2—10 m. stratum .__.| 4.4/3.7|5.6|] 6.4 8:5 6.7 8.2 2.6 4.2 3.9 8.4 8.9 
Paes) On S27 3.4 0.6 1.6 | * 1.5 2.0 8.2 1.6 


In 10 m.—bot’m stratum] 4. 


If now the amount of plankton in the bottom stratum of each station in 
the above table be taken as a unit for that station and the upper strata 
expressed in terms of it, the results will show the relative distribution of 
plankton. This has been done in the next table. 


: l 
Number of Station____._- ID.@ ; X. XI. ia. XVI.| XVII. |XVIII.| XIX. XxX. XXI. | XXII 
Surface stratum ________- 2.2 6.6 | 11.0 4.4 4.0 19.5 8.2 8.6 4.6 3.6 5.6 
to 10 m. stratum ____. 1 2.6 56 2.0 2.0 13.7 1.6 2.8 2.0 1.1 2.4 
10m. to bottom ___. --_-. 1 1 1 1 1 1 1 1 1 1 1 


Apstein has made similar comparisons for one of the largest of German 
lakes, Dobersdorfersee near Kiel, and gives the following table of relations 
for that body of water, which has however only the limited depth of 20 m. 
at most. 


VIL. | VIL. | VITT | VITL.) TX.) |) Xx. x XE ey eye 
5 19 2 30 é 4 é 


Date 2 RU aU aR aay ene. Nee ic 20 11 15 27 13 11 
Number of hawl 22) ee ae eae 26 27 28 30 32 33 34 37 Al 43 46 
Stratum 0 to 2mis- lets 1.7 4.05) SO TOs At | 9.9 hh eo 3.8 
PE A eee tae Vee Pm 1 0.9] 89] 29] 02] 06] 1 2 0.5 0.9 

OOS $066 :20. sis Ui te a Tu ea 1 1 1 1 1 1 1 1 1 1 


The date of our work was August, so that comparisons should be made 
properly only with the first three hauls of this table; they are, however, 
all much alike, and show greater uniformity than those from Lake Michi- 
gan given in the preceding table. This is no doubt due to the difference 
in depth, for the two deep stations in Lake Michigan, XI with 112 m., and 
X VII with 130 m., are just the ones in which the surface stratum is extremely 
large in proportion to the deep stratum. The other stations, especially the 
shallower ones, IX, XIII, XVI, XXI, show a proportionate distribution of 
plankton approximately like that found by Apstein. This is the more unex- 
pected and interesting when the amount of plankton in the two lakes is 
considered, for Dobersdorfer See is rich in plankton, whereas Lake Michi- 
gan belongs to those lakes denominated plankton poor. Hauls of equal 
depth show the latter very clearly. 


* Ketimated. 
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| Lake Michigan. Dobersdorfer See. 


Nomosroupanl ~ 22" 2 oo aro” | XII. XIV. Gf ae. 0.4 G 25 27 26 ~ 27 
Depth of haul in meters____-__-..--_-_-- 4.3 8 10 22 5 7 18 19 
Total amount of plankton in ce. § Dies sos |e eee STO ae te. 909 530 


under 1 sq. m. of surface ___-.___.___. 24 65 53 89 530 227 909 720 


In hauls from equal depths there is about ten times as much plankton 
under 1 sq. m. of surface in Dobersdorfer See as is found in Lake Michi- 
gan. Yet not only is the amount in the surface stratum of both greater 
than the amount in any other equal portion of the water, but it is also true 
that the two lakes show a greater similarity in percentage of vertical dis- 
tribution of the plankton. This may be formulated as follows: 

Partial vertical hauls from equal depths yield equal volumes in the 
same lake, and equal percentages in different lakes.* 

If we consider the relations shown by the lines on Plate II4, a more 
natural combination of the strata used in the work on Lake Michigan than 
that used by Apstein for those of Dobersdorfer See, would be, (1) the 
surface stratum alone, richest in plankton; (2) the three intermediate 
strata, nearly equal to one another in amount of plankton present in each; 
(3) the deep strata uniformly poor in plankton. 

For comparison the results are brought together into another table which 
gives the amount of plankton in cubic centimeters under one square meter 
of surface for the three sets of strata: 


Number of station _____- | LX See AVR VEE: [xvi XIX. | XX. | XXI. | XXII. 

2:m.,to surface .-:_...... 19.4 | 18.5 | 22.1 | 28.4 | 27.2 23.4 26.3 25.7 18.5 23.2 17.7 
SI AO ec 2s. Loe 97.9 | 78.4 | 93.4 | 140.8} 99.2} 185.9 63.9 92.8 64.4 65.5 58.0 
Bottcm to 25 m.___....-.- -1.3 | 10.0 | 54.9 | -26.1]-...._. 1.1 -0.5 ? 27.2 | eters 25.5 


By dividing the total amount in each stratum by the thickness of the 


* Since writing the above I have seen a paper by Walter (95). He speaks of quantitative plankton 
measurements as ‘‘ an invaluable aid in the investigations’’ of the shallow breeding ponds on which he 
worked, and prefers measurements to weighing for their convenience and accuracy. The paper is almost 
exclusively devoted to methods, but one general principle of plankton distribution, cited without the 
data on which it is founded, deserves mention here. Hesays: ‘‘Ia acubic meter of water taken from a 
shallow area the amount of plankton is greater than in a cubic meter from a deeper place,” and further 
““T do not know to what extent this is true of deeper bodies of water.’”” As will be seen, this is a some- 
what general statement of the relations between the depth and the amount of plankton which are dis- 
cussed more precisely in the preceding pages. Independent aad concurrent observations on the value of 
plankton measurements and on the variation in amount with depth in bodies of water affording such 
sharply contrasted conditions as the shallow carp ponds and the Great Lakes are certainly powerful argu- 
ments for the accuracy of plankton studies and also in support of the general principles elucidated in this 
particular case. : 

The importance of depth as a factor in determining the amount of plankton is farther evident from the 
observations of Zacharias (95). He states (p. 119) that there is an evident dependence of the amount of 
plankton on the depth of the water, but what may be the interrelation is not stated more exactly in that 
place. An examination of his records of hauls shows that it must be in general the same as that 
we found in Lake Michigan and elsewhere. It should be noted that only series of hauls made within a 
comparatively limited time can be comparad for this purpose, since the well-knowa seasonal variations 
in ie aspen certainly affect markedly the volumes of hauls made at considerable time intervals from 
each other. 
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stratum for each station, the table shows the amount of plankton in cubic 
centimeters per cubic meter of water at each station: 


Number of Station___- Ix, | X. | XI. |XIII.| XVI.) XVII. XVII] XIX, Xx, | XXI. XXIT.| Av. 


In stratum 0 to 2m. -__| 9.7 9.2 | 11.0 | 14.2 | 13.6 11.7 WSL 29 9.2 | 11.6 8.9 11.5 
+e +f to 25 m.__| 4.3 3.4 4.1 6.1 AMS el sik aye 2.8 4.0 2.8 2.8 2.5 3.9 
os ‘ 25 m.tobot- 

tom ee ey ~ 4 0.6 | --5.2) | 2 0 0. ? yA i Pes 1.5 i] 

Thickness in meters of 

deepest stratum ___-- i 28 |’ 87 | Divas see 105 11 li | 16). nA Api (ae a 


If for each station of this table the amount of plankton in the interme- 
diate stratum be taken as a unit, and the amounts in the surface and deep 
strata be expressed in terms of this unit, the result is as follows: 


“@ | XI. | 


Number of Station___--_- IX. XIE. XVI.| XVH. |) XVII.) XIX.) XXaa Av. 
Surface stratum ___.____- 2.8 2.7 2.7 2.3 3.2 2.0 4.7 8.2 3.3 4,1 3.6 3.1 
Intermediate stratum__.| 1 1 1 1 1 1 1 1 
Deep stratum ____..__-_-_| -0. 0.1 OD POLS ee eae 0 Olay ie 0:65). 0.6 0.0 


This table demonstrates once more and clearly that (1) the surface two 
meters contain much more plankton per cubic meter of water than any 
stratum below it, and (2) the deep stratum is practically devoid of plank- 
ton in comparison with the upper portions of the water. 

This relative superiority of the surface stratum in plankton contents was 
first demonstrated in European lakes by Apstein. As already noted these 
lakes are of limited area and depth, and moderate inflow and outflow. 
Reighard found the same plankton distribution in Lake St. Clair which is 
greater in area, less in depth and extremely unstable in volume owing to 
the enormous inflow and outflow. The observations recorded here serve to 
show similar conditions in the Charlevoix region of Lake Michigan, which, 
even in the limited region examined, is much larger in area, many times 
greater in depth and extremely stable in volume owing to the small inflow 
and outflow. At the same time we found like conditions in Round and 
Pine lakes, one very small and changeable, the other large and compara- 
tively stable. In the light of these observations on widely separate and 
extremely dissimilar bodies of fresh water, it may fairly be assumed to be 
a general truth that the surface stratum contains more plankton than any 
other equal portion of the water. In Lake Michigan, as also in Round 
and Pine lakes it was equally true that the amount of plankton in the sur- 
face stratum is independent of the depth. 

The question naturally suggests itself as to the distribution of the 
plankton within this stratum. The surface towings in Round and Pine 
lakes and Lake Michigan were ordinarily made at about 8 a. m., and the 
blanks on which were recorded the daily catches show unmistakably that 
the plankton at the immediate surface contained alge and rotifers, but 
only very rarely crustaceans and then but few of them. The amount of 
these tows was never taken carefully and measured but they showed them- 
selves at a glance to be meagre in comparison with towings from deeper 
levels. In order to test the matter more carefully I had a net of peculiar 
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pattern constructed, From its general appearance it received at the hands 
of the party the name of “torpedo” net. <A cylinder of wire gauze was 
- reenforced by bands of brass at both ends and by three longitudinal brass 
wires of one-eighth inch in diameter, soldered to the gauze and strengthened 
by external hooks of wire. The front end was provided with a tight fitting, 
solid funnel which had external eyelets so that it could be firmly fastened 
to the ends of the longitudinal rods on the outside of thecylinder. Three 
of these funnels were used, having openings of 9.5, 0.75, and one inch in 
diameter. The other end of the cylinder was also closed by a funnel but 
of gauze with an oil can top at the end. The inside of the cylinder and 
of the lower funnel was lined by a net of fine India linen. From the cord 
which towed the net a lead weight was suspended about a foot in front of the 
mouth of the front funnel. Thus equipped it could be drawn behind our 
fishing tug at full speed and yet remain well below the surface of the 
water. The amount of water which could enter was regulated by the 
opening of the funnel and was small enough to allow of its filtering 
through the large lateral area of the net so as to leave the plankton in good 
condition. The material washed back along the sides of the net and col- 
lected in the rear funnel from which it was taken when the net was hauled 
in. We dragged this net for several days during our trips on Lake Michi- 
gan and for hours at a time. Yet the amount of plankton obtained was 
exceedingly small. No reason can be given why the water should not 
have passed through the net in large quantities during these long trips 
and so far as we could see it did. There was no means at hand of meas- 
uring the amount filtered and of recording the permanency of the stream 
entering the funnel; this is of course the vulnerable point of the evidence. 
Apparently, however, the apparatus worked well and continuously, and 
unless some reason can be found why the plankton could not enter the 
net, we are forced to grant that at that time of day the amount of plankton 
in the upper foot of water is practically nil.* These experiments 
were made during the day. Unfortunately there was no opportunity 
to repeat them after nightfall. Surface towings were, however, 
made in Round and Pine lakes from a row boat after dark. With 
the same net, in the same way and at the same place, where in 
daylight a scanty collection of rotifers and alge was made, the dark- 
ness yielded arich haul including multitudes of crustacea. It was only 
the upper six to twelve inches of the water which was filtered in both 
cases. This evidence, scanty and incomplete as it certainly is, still points, 
to my mind unmistakably, to the existence of diurnal migrations on the 
part of the crustaceans at least. This well known occurrence in salt water 
has been found by Francé (94) to take place in the case of fresh water 
forms in Lake Balaton, Hungary; Marsh (94) has also observed it in 
Green Lake, Wis. In a recent publication Birge (95) denies the existence 
in Lake Mendota, Wis., of such migrations at least beyond the limits of 
three meters. I have already called attention to the fact (p. 55), that 
vertical migrations, carrying large numbers of a species over the limits of 
the artificial strata used in the lake work, would cause the compensatory 
fluctuations in adjacent strata as shown on the plates. It is true that if 
the hauls made in the Charlevoix region are plotted with reference to the 
time of day there does not seem to be any correlation between the time of 

* While very kindly reading the proof, Prof. Reighard called my attention to the fact that he reached 


a similar conclusion in a paper read before the American Fisheries Society (see Report for 1892). Neither 
the paper nor the volume are accessible to me at date of writing. 
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the hauls and the variations in amount. Of course it should be noted that 
the hauls we made were never very late in the day and the supposed , 
vertical migrations may have been due to entirely different causes if, 
indeed, they actually occurred. 

I have already called attention to the compensatory fluctuations in the 
plankton of adjacent strata from Lake St. Clair; these are very striking if 
one examines the results given by Reighard for the strata of only 1.5 m. in 
thickness and are more than half of them eliminated by combining the 
two strata 1.5-3 m. and 3-4.5 m. Mention has also been made above of the 
comparative barrenness of the lower half of the stratum 1,5—-4.5 m. 

All of the peculiarities noted in this connection point in one direction 
and justify the conclusion that the distribution of the plankton within the 
limits of an artificial stratum is very unequal, the variations in tts distrr- 
bution are probably due to vertical migration. 

One further question in vertical distribution demands brief considera- 
tion. We have seen that the amount of plankton per cubic meter of water 
varies inversely as the depth from which the water is obtained. Does the 
volume decrease constantly from surface to the bottom or is there near 
the latter an increase, an accumulation of forms more or less depend- 
ent upon the bottom? No exact-observations were made to determine this 
point, but some data bearing upon the question were recorded. In the 
qualtiative studies made during the first two weeks on Round and Pine 
lakes, and Lake Michigan it was customary to have a tow taken by an 
ordinary surface net and and also one taken by a runner net drawn along 
the bottom. This was let down open through the water and drawn up 
open also, so that its contents were in no sense strictly bottom forms, nor 
was there any means of using them in quantitative determinations. It was 
customary to draw both this bottom net and the surface net about an 
equal length of time. Now while we noticed from the first that the surface 
net, as already mentioned, obtained but a small amount of material, chiefly 
Rotifera and Protozoa, it was also remarked that the bottom net brought 
up a host of specimens, and that these were almost entirely Crustacea. 
The mass of material was composed, as examination showed, of only a few © 
species, but these few were present in such enormous numbers of individ- 
uals as to make the catch a veritable “soup.” In my daily note book this 
richness of the bottom tow was commented on for days until we recognized 
it as a constant occurrence and among the notes I find the statement that 
the tow appeared as rich in quantity as any evening surface tow on the 
ocean. I was in fact thoroughly astonished to find such masses in fresh 
water catches. ‘There was practically an entire lack of the numerous insect 
larvee which make the volume of some fresh water hauls so great; the tow 
consisted of almost nothing but myriads of Copepoda. Now these were 
either migrants from the superjacent water or permanent residents of a 
zone near the bottom. The vertical hauls gave no evidence of the exist- 
ence of this mass of Crustacea near the bottom, although the hauls were 
made at the same place and at corresponding times of day. I wish to 
point out here some faults in this negative argument and to emphasize the 
fatal error in placing entire dependence upon hauls of a vertical net. In 
the first place the impervious canvass cone brings the actual opening of 
the net about 40 cm. above the bottom when the net is actually resting 
upon a flat surface; stones and other objects as well as inequalities in the 
surface may increase this distance considerably. Again, the net is lowered 
to the bottom, rests there a second and is then hauled steadily to the sur- 
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face. The bucket hanging below makes some disturbance in the water 
before the cone reaches the bottom, and the strong swimming forms, such 
as Limnocalanus, and other Copepoda, would have abundant opportunity 
to escape from the dangerous ground above the cone, the place of greatest 
disturbance and hence the point from which the fugitives turn. Both of 
these reasons would naturally tend to lessen the number of bottom forms 
taken in vertical hauls. The runner net also gave evidence of a consider- 
able number of Mysis near the bottom, but as might be expected they 
were taken only rarely and by twos or threes in the vertical net. 

This is the vertical distribution characteristic of the warmer season of the 
year when, not only in respect to light but also in regard to temperature, 
the surface stratum is much the most favorable portion of the water for 
growth. In regard to only one of these factors do the conditions remain.the 
same throughout the year, the light supply is uniformly greater at the surface 
in all seasons, but during the fall it is known that the temperature of the 
water becomes more and more uniform throughout and finally in the winter 
the deeper strata are actually warmer. I know of only one observation as 
to the effect of this change in temperature on the relative populousness of 
the various strata. Birge (95, p. 480), records that during the fall the dis- 
tribution becomes more and more uniform throughout the water and that 
the surface stratum does not show any superiority in the amount of plank- 
ton present in it. If this be confirmed for other bodies of water it will be 
evidence that the factor of temperature has more effect on the distribution 
of the plankton than the light. 

No opportunity has yet been found for qualitative.-work on the hauls of 
the vertical net. The counting of such a mass of material would involve 
more time than it has been possible for me to devote personally to that 
purpose and no other opportunity has yet offered itself. J am personally 
skeptical of the value of enumeration under ordinary circumstances and 
most of all of such efforts as are not extended throughout the year to afford 
a basis for estimating the rise and decline of various species. 

It is evident of course that not all the plankton is equally valuable as 
fish food and not all of it seems directly or indirectly to form marketable 
fish. As has already been mentioned the Crustacea form the most import- 
ant element from the standpoint of the fish culturist. While I with the 
assistance of one or more members of the party, was taking hauls with a 
vertical net at one side of the boat, Professors Birge and Marsh with some 
assistance were securing stratal hauls of Crustacea alone at the other side 
of the tug. Hach of these gentlemen, who contributed so much to the 
results of the work in other directions also, brought with him a specially 
constructed closable net of his own designing so constructed that it could 
be lowered, closed, opened, raised a given distance, closed again and 
brought to the surface. One of the nets has already been described (Birge 
95, p. 423) and the other will be shortly. At times both of the nets 
were used together and again a series of hauls was made with one only. 
The coarser cloth used in the net, the smaller amount of material obtained 
and the greater rapidity with which a pure crustacean haul filters, made 
it possible for them to secure a series of hauls from 2 and 5 meters and 
then every ten meters to the bottom even in the deepest places, in the 
same time that was consumed in making with the vertical net the series of 
hauls already described. These hauls are to be counted in the simplified 
method described by Birge ( 95 ), and will make an exceedingly valuable 
contribution to the vertical distribution of this most important element of 
fish food contained in the plankton. 
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SWARMS IN THE PLANKTON. 


In the preceding pages an effort has been made to show uniformity of 
horizontal distribution of the plankton as a whole and the absence of such 
accumulations as might be termed “swarms.” From the evidence obtained 
here and elsewhere I am led to believe that swarms of the entire plankton 
do not exist and furthermore I can see no variations of biological condi- 
tions which should accumulate all the life in the water within certain 
areas, large or small, and leave other areas more or less devoid of life. 
Even on the land where conditions are so much more variable that 
environment in the water is relatively stable, no such local accumu- 
lations are found. It is true that areas of considerable extent are 
more densely populated than other parts of the land, and the jun-. 
gles of the tropics, for instance, are sometimes said to “swarm” 
with life. In the same way Agassiz (88) speaks of that portion of the conti- 
nental slope and of the opposite island slope which is washed by the Gulf 
Stream as crowded with life. In these and similar instances there is a 
comparison of considerable areas with distant portions equally large. 
This is not in the least parallel with what some have believed to be plank- 
ton swarms. Investigators have declared that within the narrow limits of 
small bodies of water and frequently at points proximate to each other the 
total amount of plankton varies so greatly as to warrant the assumption of 
contiguous populous and barren areas in the water, that is the existence of 
swarms of the entire plankton. Now the work of Reighard in Lake St. Clair 
and Apstein and Zacharias in Holstein lakes and the results of this work on 
Lake Michigan have shown clearly, in my opinion, that this is not the 
case. In the preceding pages is given evidence that the total amount of 
plankton does vary, but that it varies in accord with the depth and that 
beyond this there are no variations considerable enough to warrant the 
assumption of the existence of swarms of the plankton as a whole. It 
would not be strange if the exact amount of plankton varied, perhaps con- 
siderably, at the two ends of Lake Michigan and certainly some shallow 
plant-filled lakes in the vicinity of Charlevoix and in free communication 
with the main lake by small yet perfectly open channels do contain a much 
larger amount of plankton than Lake Michigan itself, yet the first possible 
variation is as little evidence of swarms as the latter. 

How do the separate species conduct themselves in this respect? Are 
they also nearly equally distributed, or is there reason to think that they 
may occur in swarms? The inequality in seasonal distribution of various 
species is well known. Thanks to the work of Zacharias a considerable 
number of species have been watched from day to day and it seems clear 
that most forms pass through one or more cycles of variation in each year. 
Such a cycle includes a period of advance, of increase in numbers, a maxi- 
mum, a time of decline and decrease in numbers, and finally a minimum, 
or often a period of total disappearance from the plankton. These cycles 
are coincident with seasons or changes in temperature. Birge (95) has 
recorded similar variations for species in Lake Mendota. Such variations 
as these are characteristic of entire bodies of water, or at least very large 
areas In a body of water. The species appears everywhere almost at once 
and its disappearance is similarly general. It is not evidence of swarms to 
record, as Zacharias does (95, p. 120 ff.), that a certain species was abun- 
dant in one place and wanting on the other side of a long island which 
almost completely divided the lake into a northern anda southern half. It 
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must first be shown that the conditions which determine the development 
of the species, temperature, food, etc., are alike in both places, and no 
evidence on these weighty questions was sought or furnished. But even 
then it is as little evidence on species swarms as the fact that a certain fish 
may be caught in plenty here and is lacking there is proof of that that par- 
ticular fish goes in schools! 

The word “swarm” seems to need a more precise definition in the light 
of conditions known and easily observed. To my mind it is some such 
massing of individuals as is seen in a school of fish, a flock of birds, a herd 
of wild cattle. The idea is certainly not precise in quantity since any one 
of these aggregations may consist of only a few individuals or of many hun- 
dreds. They are, however, definite bands collected for breeding or feed- 
ing purposes, or for protection, or having been produced by excessive mul- 
tiplication, they still remained in a localized mass. If this be a correct 
interpretation of conditions, then neither those accumulations of plankton 
or single species made at certain points by the chance of wind or current, 
nor yet these normal variations in the number of any species within 
a given area due to the more favorable environment, can be properly spoken 
of as swarms. 

Recurring to conditions on the land we see that swarms of the entire 
plankton are not to be expected and in fact the possibility of such may 
well be doubted. In making only quantitative determinations of the 
plankton species swarms, if existing, are apt to escape notice or even to be 
masked by the normal variations in the total amount, by errors in method, 
apparatus, or manipulation and by the alternation of swarms of different 
species. Furthermore it is certain that if such swarms do exist there is a 
constant tendency to destroy them in the action of winds, waves and 
currents. 

A species swarm will affect the total volume of plankton very little, i. e., 
not noticeably in contrast with other variations, if the species is ordinarily 
very common, if it is of small size or if it is one of many species 
(polytonic plankton). On the other hand the total volume of the plankton 
will be considerably affected if the species swarming is of large size, com- 
monly rare, or if the plankton is monotonic (composed of but few species). 
Of course all grades between these two extremes are possible and a 
considerable factor will be the size of the swarm i. e., the number of 
individuals of which it is composed. 

The evidence heretofore collected as to the existence of species swarms 
seems to me insufficient. So for instance the enumeration of a certain 
species taken in a haul from a depth of 40 m. shows at one time 400 indi- 
viduals, at a second haul 1,100, a considerable increase to be sure, but not 
such evidence as to establish the occurrence of swarms. If it be true that 
the species is equally distributed over the entire depth, and the contrary 
is not even suggested in the context, then every cubic meter held at the 
time of the first haul 10 individuals, at the second 28. One section of land 
holds now 10 cattle, later 28; where is the evidence of herds? It is evident 
that actual proof of the occurrence of swarms demands more exact and 
detailed evidence than has yet been furnished. We collected no positive 
evidence upon this point, but one circumstance tends to my mind to 
establish the probability of the occurrence of swarms under some circum- 
stances. During one of our trips on Lake Michigan the runner net was 
drawn over a certain area of ground off Fisherman’s Island several times. 
Each haul brought upa good catch of crustacea, but in one there was such 
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amass of Limnocalamus that they formed a solid mass of several ccm. 
The number was fifty or one hundred times greater than that obtained in 
the other hauls. That this was the result of including some local aggre- 
gation of the species, i. e., some swarm, is the most evident, if not the only 
explanation of the case. On another day Mr. Jennings reported a mass of 
Asplanchna atthe surface just off the lighthouse pier so great that thousands 
could be taken at every haul of a net thrown from the pier. A few hours 
later not one was there. This may have been, however, a wind collection 
or even a current collection. Of course the surface is peculiarly liable to 
such aggregations by the effect of wind or current and the deeper water 
more independent of such influences. 


PINE LAKE. 


The town of Charlevoix is built on a narrow neck of land which sepa- 
rates Lake Michigan from Pine Lake (see map). The circular basin of 
Round Lake, which affords a fine harbor for the shipping and fishing indus- 
tries of the place, lies nearly half way between the lakes first named, and 
is in free and open communication with both by channels of considerable 
size. The laboratory was located on the shore of Round Lake near the 
building in use by the Michigan Fish Commission as a hatchery, and the 
situation naturally caused us, in making the preliminary studies, to turn 
our attention first to Round Lake and then to Pine Lake and Lake Michi- 
gan. In the course of these studies some features of interest were mani- 
fested by the comparison of the three bodies of water, and these were 
supplemented by some special observations on the part of the botanist of 
the party, Mr. Thompson. From their importance in connection with the 
general question of fish culture, certain of the biological characteristics 
deserve brief consideration here. 

Round Lake, a scant half mile in diameter, is little more than an enlarge- 
ment in the course of the stream by which Pine Lake empties into Lake 
Michigan The connection between these lakes has been modified for 
commercial use by dredging, so that now a five meter channel, protected 
externally by piers and a lighthouse (see map), connects Round Lake with 
Lake Michigan. Between Pine Lake and Round Lake the old stream, which 
has been entirely replaced by a straight dredged connection, lies at one 
side, a shallow tortuous brook, known as the “Old Channel.” The broad, 
deep and straight artificial channel renders communication between the 
lakes very free and a current runs indifferently in either direction, depending 
upon the direction of the wind, and no doubt also on the level of Lake 
Michigan and Pine Lake. This results, of course, in more or less of a 
mixture of the forms of life, especially of those plankton species which 
occur in the two. | 

Round Lake is simply intermediate ground, and in the character of its 
plankton 1esembles now the one, now the other of the larger lakes so that 
it possesses no characteristic features in distinction from them. With the 
docks which line a large part of its shore and the continuous disturbance 
and pollution of its waters, there is little opportunity for the development 
of aquatic plant life; yet those portions of the lake which offer any possible 
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foothold are fairly well supplied with water plants, noticeably the shallow 
banks and the quiet waters of the old channel. 

Pine Lake is a body of water in which, as in Lake Michigan, conditions 
are very stable. The area which drains into it is evidently limited, as a 
glance at the map will show, and the size of the lake itself is such that the 
inflow and outflow form but asmall percentage of the total volume. There 
is a current running into the lake at the outlet quite as frequently and 
quite as powerfully as there is in the opposite direction. The shore is, in 
large part, sand and gravel for a short distance from the margin, but nearly 
the whole bottom of the lake is composed of marl, in which one finds a 
host of shells in good preservation. From washings of the marl, Mr. 
Walker identified the following forms: | 


Inmneea desidiosa Say. Gomobasis livescens Mke. 
catascopium Say. Spherium striatinum Lam. 
sp. simile Say, 
Physa integra Hald. (young). Pisidium abditum Hald. 
Planorbis bicarinatus Say. sp. 
parvus Say. Unio luteolus Lam. (dead). 
Valvata tricarinata Say. sp. (dead). 
sincera Say. Anodonta (young) (dead). 
Amnicola porata Say. Footiana (?) Lea. 


lustrica Pils. 


He adds concerning these shells: ‘A very few of the Amnicola and 
Valwata were alive. Everything else was dead and most of it had the 
chalky appearance of fossil specimens from the marl.” 

On the marl one finds no living thing save here and there scanty tufts of 
dwarfed Chara, which was never found in fruit; it was uniformly encrusted 
by a heavy calcareous coating. 

The absence of plants along the shore in the shallow water and on the 
sandy or gravelly bottom is also noteworthy. Isolated patches do occur 
but they are thrifty and abundant only in a few places, the most prominent 
of which are on the south arm of the lake. It will be noticed that the 
axis of the main lake lies directly in the path of the northwest winds and it 
has occurred to me that this may be the cause of the absence of shore 
vegetation, since the wash along the shore of a lake as large and deep as 
this would be too powerful to allow the growth of plants even where the 
bottom was of a suitable character. In.the smaller and more protected 
south arm there is a much larger amount of vegetation. We were unable 
to make any exact observations in that part of the lake. 

Pine Lake has undoubtedly undergone some considerable modifications 
within recent geological times. The old outlet to the northward is easily 
traced through a line of tamarack swamp to Susan Lake; thence to Lake 
Michigan it follows a small stream which is at present the outlet of Susan 
Lake. The marl bottom which underlies a very considerable part of Pine 
Lake can by borings be found not far below the surface at various points 
around the lake. The gravel and glacial drift are evidently at present 
being washed out into the lake over the marl and the thickness of the 
layer decreases gradually as one recedes from the shore. Mollusca are not 
very abundant and while the species recorded by Mr. Walker are recent 
and most of them at least found in this locality at present, the existing 
conditions are inadequate to account for such a bed of marl and I am 
inclined to believe it the bed of an older lake now gradually disappearing. 
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The importance of these considerations is evident when we come to exam- 
ine the fauna and flora of the lake. 

I have already mentioned the striking lack of vegetation, both littoral and 
bottom. Mr. Thompson, who spent some time in a careful examination of 
the shore says in this connection, “The entire absence of Myriophyllum, 
Utricularia and the aquatic species of Ranunculus is perhaps significant. 
The scarcity of plants is apparently due to the marl bottom as all the fairly 
thrifty plants which do occur are found growing on bottom more or less 
modified by deposits of sand or alluvial sediment.” Similar mention of 
the limited amount of life discovered in Pine Lake may be found in the 
reports on the Protozoa (p. 81), Rotifera (p. 88), and Mollusca (p. 98), 
published in appendices to this paper. Of the insect fauna Dr. Wolcott 
writes: 

“‘ This poverty of the Pine Lake fauna was in marked contrast to the rich- 
ness of that of the neighboring small inland lakes, in which was to be seen 
both in respect to number and identity of species and abundance of indi- 
viduals, a marked similarity to that of Lake St. Clair, indicating the effect 
of the like conditions, while at the same time it emphasized the contrast 
between both and Pine Lake.” 

The plankton studies on Pine Lake discussed on a previous page and 
plotted on Charts I? and I1®, show that the surface stratum contains if 
anything somewhat more plankton than the same portion of Lake Michi- 
gan but the deeper strata very much less, so that in shallow water (VIIT) 
the total amount of plankton is approximately the same as in Lake Michi- 
gan while in the deeper water (XX VI to VIL) the total amount is far below 
that in the main lake. 

After this resumé of other groups it will not be strange that fish are 
scarce in the waters of Pine lake. Neither those of Lake Michigan nor 
. the species which inhabit the surrounding inland lakes would find any 
considerable supply of nourishment and in fact a few game fish, in the 
south arm chiefly, and a few whitefish in the eastern end of the main 
lake, are all that are reported for this body of water. The absence of a 
bottom flora and fauna, the scarcity of plankton and the paucity of littoral 
vegetation with the accompanying forms of life, particularly insect larvae, 
are the factors which limit the introduction of various kinds of fish. 

I have discussed the conditions here in full since it seems to me a pow- 
erful argument for the necessity of employing the experimental method. 
Such a magnificent lake with miles of shore and acres of beautiful clear 
water affords possibilities for existence toa multitude of fish. The reasons 
for their non-existence are apparently clear, and if so the problem is half 
solved. In some way more vegetation must be made to grow in the lake, 
perhaps different species of plants introduced. If forms can be found 
which are capable of growth and increase on a marl bottom, the fish pro- 
ducing power of the lake will be multiplied enormously and in the place 
of a scanty population the waters will support large numbers of valuable 
food fish. I have endeavored to ascertain the species of water plants 
which thrive upon marl bottomed lakes elsewhere, but the question proved 
to be beyond the facilities at my command. This offers under favorable 
circumstances a rich field for experimentation. 


CONCLUSIONS. 


In addition to the more special conclusions stated in connection with 
various topics there are some general conclusions, especially with reference 
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ne plankton and its bearing on fish culture, which are summarized as 
ollows: 

I. The plankton is the source of food supply for all lake fish; its rapid 
reproduction affords a constant supply in spite of continued destruction. 

II. The amount of plankton in Lake Michigan in the region examined 
is limited. The enormous area compensates for this limited amount. 

III. The plankton is uniformly distributed horizontally. At this season 
of the year it is accumulated near the surface, and very little is contained in 
water below a depth of 25 meters, except that a second accumulation near 
the bottom is probably usual. At this season, then, no fish will be found 
regularly or in numbers in the nearly barren intermediate water below 
25 m., except it be in the water near the bottom. 

IY. The uniform horizontal distribution of the plankton indicates that 
the plankton-eating fish find food in limited quantities everywhere. 

V. The bottom flora and fauna are not extensive enough to support 
large numbers of bottom feeding fish within circumscribed areas. The 
well known migrations of whitefish schools along shore seem thus to be 
correlated with the non-localized food supply. 

VI. There isa plentiful supply of whitefish food on the old fishing 
grounds. No reason can be assigned for the diminution in the supply of 
whitefish save overcatching. 

In conclusion I should like to emphasize one point which seems to grow 
clearer as the work proceeds; if the experience of two years has shown 
anything, it has demonstrated that the possibilities in this line of investi- 
gation can hardly be limited, but that future developments which are so 
essential to the fisherman and the fish culturist alike, are distinctly 
dependent upon the facilities for carrying on the investigation under 
permanent conditions. 

It may be hoped that something has been accomplished during the two 
years of this work inaugurated under the auspices of the Michigan Fish 
Commission and carried on by voluntary and hearty cooperation on the 
part of various scientific workers. Yet it is evident that progress along 
this line will be necessarily slow and that at times, as in the present 
instance, other peremptory duties will encroach upon the time of the 
workers and delay the publication of the reports. Furthermore, no one 
can appreciate so well as one who has tried it, how enormous is the mass 
of work connected with an enterprise inaugurated in a new field of work, 
and compelled to originate at once methods and appliances with repeated 
delay and even failure. 

It is equally true that the possibilities of future development will be 
clearest to those who have taken a part in the enterprise. Yet others can 
not fail to apprehend its importance and the necessity of continuing it. 
To my mind it is clear that in order to attain its proper results the work 
must be put on a definite basis. It must be rendered permanent and placed 
in the immediate charge of workers who shall devote to it their entire 
time. If any measure of success has accompanied it in the past while it 
has been under the direction of those whose time was necessarily limited 
or when perhaps it has been carried out as a side issue in connection with 
the regular work of some fish hatching station, it is none the less true that 
it demands and deserves the full attention of able and trained investigators. 

There should also be mentioned in this connection the mass of experi- 
mental work which must be done. It is of vital importance for. the 
solution of problems which present themselves in connection with the 
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biology of the lakes and their inhabitants, that experimental investigation 
should be possible in order to test the regults, to answer questions, and 
to suggest possibilities that would otherwise remain undeveloped. Noone 
can have read the preceding pages without having appreciated continually 
the questions suggested in connection with the most varied topics; no one 
can fail to see that the results attained should be supplemented or 
controlled by experiment. 

The life of the young white fish, its food and growth while in the state 
of nature, the best age and place for planting, and hundreds of other ques- 
tions which suggest themselves in connection with this particular topic 
cannot be decided in a few weeks work of a summer party however well 
equipped and located, Questions with reference to the yearly variations 
in the plankton and those problems suggested in connection with the dis- 
cussion of these questions early in the report, cannot be solved until a 
permanent biological station shall be able to observe and to experiment 
continuously throughout the year. Already efforts have been made on a 
limited scale at least, towards the increase and multiplication of the food 
supply of fresh water fish and in some small ponds of Europe it has met 
with moderate success. The discussion of Pine Lake suggests an equally 
fertile field of study. The possibilities of the future are evidently depend- 
ent upon the possibilities for investigation and experiment. Aquaculture 
must be given the same sort of scientific treatment that agriculture already 
receives at the hands of the thousand trained investigators in experiment 
stations that are located in every state of the Union. It must be studied 
from the same scientific standpoint; its problems analyzed, its course 
marked out definitely; not until then can it render that service to the peo- 
ple which the opportunity of our inland seas makes possible in the way of 
afood supply at once cheap and agreeable. Let me quote from an address 
before the American Microscopical Society: ‘ Fish culture will never 
attain its proper results until it receives by the liberality of the State and 
nation the same favors that have been extended to agriculture, the use of 
permanent and well equipped experimental stations where trained workers 
shall devote all their time:and energy to the solution of its problems. The 
Great Lakes furnish a cheap and valuable food supply to one-third of our 
entire population, This food supply is rapidly becoming depleted. How 
long must such important interests wait their just recognition and ade- 
quate protection? And if properly developed, who can limit the possibili- 
ties of these Inland Seas in supplying the nation with food?” The urgent 
need of the present is not a mere biological observatory, however valuable 
such a permanent foundation might be, but a well-equipped and well- 
directed experiment station to attack the peculiar problems of fish culture 
in the Great Lakes. 
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Notrre—Since the earlier pages of this report were in print there has appeared “The 
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(p. 57 to 63) physical data on the Great Lakes more fully and accurately than any 
authority previously at my command. The figures quoted on pages 8 and 9 of this 
report should be slightly modified, but the argument and conclusions are in no way 
affected. Much additional information of interest on the physical features of the lakes 
may also be found in the work cited. 
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APPHNDID Gar 


REPORT ON THE PLANTS. 


BY H. D. THOMPSON, MOLINE, ILL. 


~ 


For the three weeks beginning August 2, 1894, it was the good fortune 
of the writer to be with the investigating party maintained at Charlevoix 
by the Michigan State Fish Commission. During this time there was 
made some study of the minute plant life of Lake Michigan and a botani- 
cal survey of Pine Lake was begun. The time did not suffice for the 
proper handling of either task. 

Pine Lake is a marl bottomed basin of a type not rare in northwestern 
Michigan. Unlike many of the small lakes which line the shore of Lake 
Michigan, its greatest length, instead of lying parallel with the adjacent 
shore line of the larger lake, forms with it a large angle. Some fifteen 
miles long and in its broadest portion three miles wide, and very irregular 
in outline its shore line exceeds ninety miles. Its western end is rather 
more than a mile from Lake Michigan with which it communicates freely 
through Round Lake. The natural water ways from Pine Lake to Round 
Lake and from the latter to Lake Michigan have been so improved for pur- 
poses of navigation by large lake boats, as to render communication much 
freer now than formerly. 

The shore of the lake rises in two bold terraces which appear with much 
regularity and clearness at Belvedere, and though sometimes broken, in 
places effaced by erosion, and often lying at considerable distance from the 
present shore line, they may still be traced along the lake for long 
distances to the eastward, and are continuous around Round Lake on both 
sides and thence along Lake Michigan both to the northward and 
southward. : 

At present the lake consists of a long, narrow, central basin twenty to 
twenty-five meters in depth with a uniform regular marl bottom, extend- 
ing from Charlevoix at its western end to Boyne at the eastern, surrounded 
by shallower waters including all coves and bays and a marginal area of 
varying width along the shore. 

The bays are all rather shallow, the bottom sloping away gradually from 
the shore line toward the edge of the basin, which in each case extends 
across the mouth of the bay in a line between points in front of the head- 
land on either side. 

In general the bottom drops off evenly until, at a distance of two hundred 
twenty-five to three hundred twenty-five meters from shore there is a 
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depth of about fifteen meters; then in course of two or three rapid casts 
of the lead eighteen to twenty-one meters is found, and the lead comes up 
bearing soft sticky marl. Exceptions were noted in which the gentle 
slope was continuous from the shore line, for a full half mile into the lake, 
before the twenty meter depth was reached, One and one-half miles N. 

E. of Advance a depth of twelve meters was found at fifty meters from 
shore; twenty meters, fifteen meters farther out, and within another 
twenty-five meters the lead dropped down twenty-six meters, to the end 
of our sounding line, but found no bottom. 

The beach of Pine lake varies from sand in certain localities to calca- 
reous gravel or even soft marl in others. The bottom of the shallow mar- 
ginal portion naturally partakes of the character of the adjacent beach, 
but invariably shades off to a marl as deeper water is reached. In some 
bays surrounded by cedar swamps the bottom is of soft, blackish mud, 
part marl, part alluvial deposit. In a few places where a bold sandy ter- 
race approaches the shore line closely, the bottom is of clean sand for a 
long distance out toward deep water. 

The flora of Pine Lake is exceedingly meager. The observer may row 
along its shore for miles without seeing one thrifty bed of water weeds, 
and may dredge back and forth over a hundred acres of bottom without 
securing a handful of vegetation. In water varying from three to seven 
meters in depth were found scanty beds of Chara sp., never of thrifty well 
grown plants, never in fruit and always encrusted with calcareous material. 
Along shore, in water one and one-half to three meters in depth, occur a 
half dozen thin and rather small beds of Potamogeton perfoliatus L. 
Half way up the lake on the north side, on sand bottom, was a fairly 
thrifty and good sized bed of Scirpus pungens, Potamogeton perfohatus L., 
Potamogeton lucidulum, Naias flexilis and Chara sp. In the edge of 
this bed toward deep water several fishing stakes were noticed. 

Some bass fishing being reported in Oyster bay on the south side of the 
lake, it was examined with some care. Oyster bay is an arm of the lake a 
half mile wide and nearly one and a half miles long. At the mouth the 
bottom slopes gently away from the shore on either side to a depth of nine 
meters near the middle. It becomes shallower steadily as its head is 
approached, ending in a marsh which shades off to the surrounding cedar 
swamp. Separated from this bay by a stretch of cedar swamp lies Susan 
Lake. In Oyster bay the bottom is of marl and black sediment 
mixture previously mentioned and vegetation is more plentiful than we 
found it elsewhere in the lake, A mile or more of shore line about the 
head of the bay is fringed with thrifty beds of Scirpus pungens Vahl., and 
Scirpus lacustris L.; Potamogeton perfoliatus L. occurs in several places. 
Acorus calamus L. and Typha latifolia L. also occur here though not 
noted elsewhere in the lake. The bottom bears numerous and fairly thick 

‘beds of Chara sp., the same as found elsewhere in the lake. There was 
everywhere a striking scarcity of alge and the entire absence of Myrto- 
phyllum, Utricularia and aquatic species of Ranunculus is noteworthy. 

The examination of material collected by tow net and dredge from the 
neighboring waters of Lake Michigan, Round Lake and Pine Lake for 
minute life, which had been in progress for several weeks, was near com- 
pletion at the time the writer became a member of the Fish Commission 
party. Material was examined, however, and data collected, sufficient 
perhaps to indicate certain obvious facts, though not sufficient foundation 
for any complicated or detailed conclusions. 

10 


14 MICHIGAN FISH COMMISSION—BULLETIN NO. 6. 


As might be expected from the free communication between Lake 
Michigan and the smaller lakes, the three lakes vary little in flora. The 
open, wind agitated waters, unobstructed by the larger aquatic plants, and 
for the most part of considerable depth, afford but poor harbor for the 
filamentous algze, Desmidize and Characez so abundant in the waters of 
Lake St. Clair investigated by the commission in 1898. The tow net and 
dredge, therefore, collect but little of such material, but the Diatomaces 
are ever present. 

Of the alge Pandorina morum Bory., is most frequently met, occurring 
chiefly in surface tows, sometimes in great abundance. The stray speci- 
mens noted in deep tows may have been taken by accident, as the net 
was lifted from the water. Bottom tows and dredgings in Luke Michigan 
show fine colonies of Nostoc commune. Vaucheria tuberosa also is com- 
mon clinging to rocks, waterlogged bits of wood, etc., often at considerable 
depth It occurred in great abundance on fishing grounds off High 
Island, with Chara sp., the dredge teeth soon becoming entangled with 
bushels of this mixed material. In Pine Lake the surface net not infre- 
quently collected bits of Spirogyra sp., Zygnema sp., Oscillaria ele- 
gans Ag., Lyngbya sp. The fragments were always quite small, gen- 
erally so far gone to pieces as to be of doubtful identity and were 
probably from beach pools washed into the lake by receding waves 
during high wind. 

The Desmidiz were not represented in any material examined from Lake 
Michigan, Round Lake or Pine Lake. In a surface tow from Twin Lakes, 
the following were noted: 


Cosmarium brebissonu Menegh. 
C. marginatum Menegh. 

C. reniforme. 

C. subcrenatum Hantzsch. 

C. undulatum. 

Pediastrum ehrenbergii Corda. (H. Br.), 
Spherozasma filuforme Rab. 
Staurastrum corunulatum Wolle. 

S. grallatorium Nord. 


‘ 


The Diatomacee, greatly outnumbering all other plants both as to 
species and individuals, force themselves constantly upon the attention of 
the botanist. Individuals are generally present in much greater numbers 
in deep than in surface tows, but the distribution of species appears to be 
influenced but little by depth of water. The stipate forms are of course 
more often found in the neighborhood of a congenial support, but with 
little regard to the depth of this support below the water surface. The 
following species were noted, most of them in great numbers: 


_Asterionella formosa Hass., common in both surface and deep tows. 

Cocconema lanceolatum Ehr., frequent in dredgings. 

Coscinodiscus radiatus Ehr., occasional among weeds. 

Cyclotella rotula Kiutz., in dredgings, infrequent. 

Cymbella gastroides Kitz., common in deep and surface tows. 

Cystopleura gibba (Ehr.) Kitz., common in surface and deep tows 
everywhere. 

Nawvicula viridis (Nitzsch.) Kiitz., common on weeds in shallow water. 
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Nitzschia dubia Wm. Sm., single specimen, among weeds near surface. 
Nitzschia sigmoidea (Nitzsch.) Wm. Sm., in surface and deep tows. 


Enpithemia turgida Wm. Sm. 


Fragilaria capucina Desm., deep and surface tows, very common. 
Gomphonemu geminatum (Lyng.) Ag., surface and (more often) deep 


tows. 


Orthosira sp., like O. Dikii Wm. Sm., once in surface, once in deep tow. 
Stauroneis phoenicenteron Ehr., deep tow. 

Synedra affinis Kitz., surface and deep tows. 

S. lunaris Ehr., among weeds in shallow water. 

S. ulva (Nitzsch.) Ehr., in dredgings. 

Tabellaria fenestra (Lyng.) Kiitz., common everywhere. 

T. flocculosa ( Roth.) Kiitz., common. 


Wasbings from aquatic plants are, as is well known, generally rich in 
Diatomacez. The following species identified by D. B. Ward, M. D., of 
Poughkeepsie, N. Y. are from a small vial of material washed from Chara 
sp., previously mentioned as being dredged from the bottom in High 


Island harbor, Lake Michigan. 


Achnanthidium flexellum. 
Amphora ovalis. 
Campylodiscus novicus. 
Cocconets placentula, 
Cocconema cistula, 

C. gastroides. 

C. lanceolatum. 

C. cymbiforme. 
Cyclotella compta. 
Cymbella ehrenbergui. 
Encyonema limula. 

EH. prostratum. 

EH. turgidum. 
Eipithema argus. 

EH. gibba. 

EE. turgida. 

EKunotia arcus. 

E. diodon. 

E. pectinalis. 
Fragilaria Harrison. 
F. capucina. 
Gomphonema capitatum. 
G. constrictum. 

G. coronatum. 


G. intricatum, var. pumilla. 
Melosira granulata. 
Nawicula affinis. 

N. bacillum. 

N. limosa. 

N. oblonga. 
N. nobilis. 
N. radtosa. 

N. perigrina. 

N. trinodis. 

N. viridis. 

Nitzschia frustulum. 

N. palea. 

Odontidium hyemale. 
Pleurosigma attenuatum. 
Surirella bifrons. 

S. biseriala. 

S. elegans. 

Stauroneis gracilis. 

S. phoenicenteron. 
Stephanodiscus astrea. 
Synedraulna, var. longissima. 
Tabellaria fenestrata. 

T. flocculosa. 


The writer desires to acknowledge his obligation and express his thanks 
to D. B. Ward, M. D., of Poughkeepsie, N. Y., for the identification of the 
above list of diatoms and to Mr. C. F. Wheeler, of Michigan Agricultural 
College, who has identified a considerable number of flowering plants. 
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A PEN DIX: I 


A REPORT UPON THE PROTOZOA OBSERVED IN LAKE 
MICHIGAN AND THE INLAND LAKES IN THE 
NEIGHBORHOOD OF CHARLEVOIX, DUB- 

ING THE SUMMER OF 1894. 


BY ©. A. KOFOID, SUPERINTENDENT OF THE BIOLOGICAL STATION OF THE 
UNIVERSITY OF ILLINOIS, URBANA, ILL. 


The observations in the following paper were made in the laboratory of 
the Michigan Fish Commission at Charlevoix from July 24 to September 
1, 1894. The material examined consisted in the main of collections made 
at the surface and bottom, with fine muslin nets, principally in Pine and 
Round lakes and Lake Michigan. In addition to these, shore collections 
were made along Round, Pine, Susan, Twenty-six, East and West Twin 
lakes, either by dragging the Birge net through the weeds along the shore, 
or by gathering the vegetation—alge, Chara, Naas, Utricularia, Pota- 
mogeton, Myriophyllum, and Nuphar—-and keeping it in aquaria in the 
laboratory, or collecting “ washings” from it for immediate examination. 
To the systematic examination of these shore collections but little time 
could be given as the plankton was the main object of our investigation. 

The present paper makes no pretension tocompleteness. It is merely a 
list, a compilation from the daily record of the occurrence and distribution 
and relative abundance of such species as were identified during the six 
weeks of my stay at the laboratory. Many of the smaller Flagellata and 
Ciliata were not identified and no attention was paid to the Gregarinidz 
and little to the ecto and endo-parasitic Protozoa of the denizens of the 
lakes examined. The present report does not include the collections made 
with the plankton net in Lake Michigan, nor those made by Dr. R. H. 
Ward with the Birge net in the lakes to the north of Charlevoix as these 
collections have not yet come into my hands. A continuous and more 
thorough investigation would undoubtedly greatly extend the list of 
Protozoa here reported for the locality. A few forms were found which 
could not be referred to any described species in the literature at hand. 

The appended list records 81 forms, 76 species and five varieties. The 
list reported by Smith (Bulletin Michigan Fish Commission No. 4, 1894), 
for Lake St. Clair includes 32 forms, eighteen of which are to be found 
among those observed at Charlevoix. 
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The forms included in the present list are distributed as follows among 
the different groups: 


Ei, ooh eee eee as Og 22 

Me Ud ea) eee eee yg ea RN eo a teil 5 

Wem OUOT cam imeenr tHe MOS Spe ee ee aS 20 

DOES OT A see eae ee eee ree Vi a et eee rage 34 
RHIZOPODA. 


1. Ameoeba proteus Leidy. Swampy shores of Pine Lake, and West 
Twin Lake. Not common. 

2. Amoeba radiosa Ehrbg. Swampy shores of Pine Lake. Rare. 

3. Amoeba verrucosa Ehrbg. Among the alge along the shores of 
Pine Lake. Not common. 

4. Cochlhiopodium bilimbosum Auerbach. A single specimen from 
washings from Chara obtained at High Island harbor was observed. The 
collections came from a depth of about 6 m. on whitefish grounds. 

5. Arcella vulgaris Ehrbg. Twenty-six Lake, East and West Twin 
lakes; in shore collections. Occasionally found in the surface and bottom 
tow in Round Lake. Common in Sphagnum. 

6. Hyalosphema elegans Leidy. Common in Sphagnum along the 
oe of Pine Lake. Single specimen taken in surface tow at West Twin 

ake. 

7. Hyalosphenia papilio Leidy. Common in Sphagnum along shores 
of Pine Lake. 

8. Quadrula symmetrica F. KE. Schultze. Common in Sphagnum along 
shores of Pine Lake. 

9. Difflugia collaris Ehrbg. Common among Fontinalis from shores 
of East 'I'win Lake. 

10. Difflugia constricta Ehrbg. In shore collections from Twenty-six 
Lake. Rare. 

11. Difflugia globulosa Duj. Occasional in shore collections at East 
and West T'win Lake and Twenty-six Lake; in Sphagnum along Pine Lake. 
Common in surface and bottom tows and hauls of the plankton net in 
Round and Pine lakes and especially in Lake Michigan. It is much more 
abundant in surface than in bottom tows and in Lake Michigan than 
in the smaller lakes. It is very resistant, remaining active long after other 
animals in the tow have perished because of foul water. The limnetic 
form cannot be distinguished specifically from the form found in shore 
collections and in Sphagnum. 

12. Difflugia lobostoma Leidy. Taken in surface tow in West Twin 
tne in shallow water; also in bottom tow in Round Lake in 16 m. of water. 

are. 

13. Difflugia pyriformis Perty. Occasional in shore collections along 
Pine and ‘I'wenty-six Lake; also in bottom tow in Round Lake in 16 m. of 
water and in bottom tow in Lake Michigan, 2? miles from shore in a haul of 
the plankton net in 57 m. of water. 

14. Nebela barbata Leidy. Occasional in Sphagnum along Pine Lake. 
Forms intermediate between NV. barbata Leidy and N. collaris Ehrbg. 
were also found in the same locality. (See Leidy’s Fresh Water Rhizopods 
of N. A., Pl. 24, Figs. 18, 19.) 

15. Centropyxis aculeata Stein. In shore collections along Pine Lake, 
East Twin, Twenty-six, and Susan lakes. Also in bottom tows in Lake 
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Michigan, 15 miles off New York Point in 24\m., and 2 miles off N ea Au 
in 16 m. of wales Occasional. 

16. Centropyxis ecornis Leidy. A single dead shell was found in 
shore collections from East Twin Lake. This is probably a variety of the 
preceding. 

17. Euglypha alveolata Duj. Occasional in shore collections along 
Pine and West Twin lakes, in Sphagnum and washings from Utricularia. 

18. Huglypha ciliata Ehrbg. A single specimen was taken in surface 
tow off Fisherman’s Island, in Lake Michigan. Common in Sphagnum 
about Pine Lake. 

19. Huglypha cristata Leidy. Rare in Sphagnum along shores. of 
Pine Lake. 

20. Trinema enchelys Ehrbg. Common in Sphagnum along the shores 
of Pine Lake. Occurred also in shore collections from West Twin Lake. 
A single specimen was noted in a haul of the plankton net in 55 m. of 
water, 24 miles off Norwood in Lake Michigan. 

21. Cyphoderia ampulla Ehrbg. In shore collections from Pine and 
West Twin lakes. Common, especially in Sphagnum. Occasionally 
found in bottom tows in Round Lake and once in Lake Michigan 23? miles 
from shore in a haul of the plankton net in 57 m. of water. 

22. Gromia mutabilis Bailey. Common on floating colonies of Ophry- 
dium versatile in East Twin Lake. 


HELIOZOA. 


23. Vampyrella laterita Fres. Rare, in shore collections from Hast 
Twin Lake and Twenty-six Lake, among alge or on masses of Ophrydium 
versatile. 

24. Actinophrys sol Ehrbg. Lake Michigan, Pine Lake, Round Lake, 
West Twin Lake. More abundant in surface than in bottom tows. Found 
also in shore collections. Common, 

25. <Actinospherium Hichhornu Ehrbg. Bottom tow in Round Lake, 
also in bottom tow in Lake Michigan, N. W. of Norwood, two miles from 
shore in 15 m. of water. Rare. 

26. Heterophrys myriapoda Archer. Rare among alge in pools along 
Pine Lake. 

27. Rhaphidiophrys viridis Archer. In shore collections from East 
and West Twin and Susan lakes. Rare. 


MASTIGOPHORA. 


28. Dinobryon sertularia Ehrbg. The type as figured and described 
by Bitschli and Kent, is much less common than the varieties. It occurs 
however in surface and bottom tows in Round Lake and Pine Lake and in 
Lake Michigan, and in shore collections at West Twin Lake. 

29. Dinobryon sertularia Ehrbg. var. angulatuwm Seligo. Most com- 
mon of all varieties, occurring in surface and bottom tows in West Twin, 
Round, and Pine lakes and Lake Michigan. 

30. Dinobryon sertularia EKhrbg. var. divergens Imhof. Very com- 
mon in surface and bottom tows in Round and Pine lakes, and in Lake: 
Michigan. 

31. Dinobryon sertularia Ehrbg. var. undulatum Seligo. Common 
in Round and Pine lakes and in Lake Michigan in surface and bottom 
tows. 
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32. Dvinobryon stipitatum Stein. Common in surface and bottom tows 
in Round and Pine lakes, most abundant in Lake Michigan. Intermedi- 
ate forms connect this with the preceding species, and it should perhaps 
be reduced to a variety. 

33 Uroglena volvox Ehrbg. Common in surface and bottom tows in 
Round and Pine lakes and in Lake Michigan. 

34, Huglena viridis Ehrog. Common in shore collections along Pine, 
East Twin and Twenty-six lakes. Also found occasionally in bottom tow 
in Pine Lake at a depth of 15 m. 

35. Hntosiphon sulcatum Stein. Among alge in pools along the 
shore of Pine Lake; common. 

36. Synura uvella Ehrbg. Occasional in surface and bottom tows in 
Round and Pine lakes and in Lake Michigan. 

37. Mallomonas acaroides Zach. In surface tow in shallow water in 

West Twin Lake; also in bottom tow in Pine Lake in 13 m. of water; occur- 
ring in both cases with the following variety; rare. 
(£38. Mallomonas aciroides Zach., var. producta Zash. Common in 
bottom tows from Pine Lake, Aug. 4, but not found again during the summer 
except in small numbers in surface tow at West Twin Lake on Aug 6. 
Cysts were forming Aug. 4, and no individuals intermediate between the 
type and the variety were noticed in the material examined. 

39. Gonium pectorale Khrbg. Occasional in bottom tow in Pine Lake. 

40. Pandorina morum Ehrbg. Occasional in surface tows in Lake 
Michigan. 

41. Volvox globator Ehrbg. Rare in bottom tow in Round Lake. 

42. Diplosiga frequentissuma Zach. Common in surface and bottom 
tows in Round and Pine lakes and Lake Michigan on As/erionella. 

43. Chilomonas paramocecium Ehrbg. Very abundant in shore collec- 
tions which had stood in laboratory for several days. Paramcecium 
aurelia had been abundant in the same jars on previous day but decreased 
rapidly in numbers as Chilomonas multiplied. 

44. Peridinium tabulatum Ehrbg. Frequent in surface tows in Lake 
Michigan, also in surface tow in West Twin Lake, and surface and bottom 
tone in Round Lake. Taken insmall numbers with the Birge net in Susan 

ake. 

45. Ceratium cornutum Ebrbg. Frequent in washings from 
Utricularia from West Twin Lake; associated with along slender form of 
C. hirundinella O. F. Mill. with divergent horas. 

46. Ceratium hirundinella O. F.Miull. In shore collections from Pine, 
Round, Susan, East and West Twin lakes, occasional. Abundant in every 
surface and bottom tow in Round and Pine lakes, and especially in Lake 
Michigan. Triangular cysts were common in bottom tows and dredge 
washings during the first two weeks of August. They were also found 
occasionally insurface tows. A wide range of variation is exhibited by this 
species. The horns vary in number from three to six, also in the degree 
of their prolongation and divergence. Individuals with deformed, curved 
and even hooked horns were found. One three horned specimen had the 
left posterior horn bifid for about half its length. 

47. Glenodinium cinctum Ehrbg. Common in shore collections along 
West Twin Lake especially in washings from Utricularia. Also found in 
surface and bottom tows in Lake Michigan, and in the latter part of 
August the gelatinous “cysts” containing one to three individuals were 
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common in surface and bottom tows in Round and Pine lakes and in Lake 
Michigan. 


INFUSORIA. 


48. Coleps hirtus Ehrbg. In shore collections from East and West 
Twin lakes. Frequent especially i in aquaria that had stood for some days. 

49. Trachelius ovum Ehrbg. <A single specimen observed from pool 
along Pine Lake. 

50. Dileptus anser O. F. Mull. In shore collections (Birge net) in 
West Twin and Susan lakes. Occasional. 

51. Nassula ornata Ehrbg. Common on colonies of Nostoc and Dia- 
toms and on Phryganeid egg masses brought up in the trawl off Beaver 
Island in Lake Michigan from a depth of 60 m. 

52. Frontonia acuminata Ehrbg. Rare in shore collections at Hast 
Twin Lake, associated with Ophrydium versatile. 

4 a Uronema marina Duj. Very common in alge in pools along Pine 
ake. 

54. Paramecium aurelia O. F. Mull. Very abundant in shore col- 
lections from Pine Lake that stood in the laboratory several days. 

55. Paramecium bursaria Ebrbg. In washings from West Twin 
Lake; rare. Also taken with the Birge net in Susan Lake. 

56. Urocentrum turbo O. F. Mill. Abundant in shore collections 
from West Twin Lake that had been standing in the laboratory for several 
weeks, 

d7. Cychidium glaucoma Ehrbg. Among alge in pools alorg the shore 
of Pine Lake; common. 

58. Conchophthtrus anodonte Ehrbg. On Anodonta, Unio and Limnea 
stagnalis. 

59. Spirostomum ambiguum Ehrbg. Amony alge in cee along Pine 
Lake, occasional. 

60. Stentor 1gneus Ehrbg. Abundant in Round Lake upon Chara. 

61. Stentor igneus Ehrbg. var. fuliginosus Forbes. Very abundant 
blackening the margins of the pools along the shore of Pine Lake, also in 
Round Lake upon Chara. Varies greatly in size and amount of black pig- 
ment. 

62. Stentor Roeselii Ehrbg. Rare in shore collections in Hast and 
West Twin, Susan and Round lakes. 

63. Halteria grandinella O. F. Mill. Common among alge in pools 
along Pine Lake. 

64. Strombidium turbo C. & L. Common in shore collections from 
West Twin Lake that had been standing in the laboratory for several 
weeks. 

65. Tintinidium fluviatile Stein. A single specimen in bottom tow 
from Round Lake, made in 16 m. of water. 

66. Codonella cratera Leidy. Surface and bottom tows, Pine Lake, 
and especially in Lake Michigan. Frequent. This species shows a wide 
range of variation in size, in the relative size of the aperture and the length 
of the neck. The number of rings on the neck varies from one to five, 
though in many cases no ring at all can be detected. Many individuals 
show no traces of the overarching ring about the aperture of the shell. 

67.. Stichotricha cornuta C. & L. Single specimen noted in shore 
collections from East Twin Lake. 
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68. Oxytricha cruginosa Wrz. Among alge in pools along Pine 
Lake; occasional. 

69. Stylonychia mytilus Ehrbg. Common in shore collections from 
Kast Twin Lake. 

70. EHuplotes Charon Ehrbg. Occasional among alg in pools along 
Pine Lake. . 

71. Aspidisca costata Duj. Among alge along shores of Pine Lake. 
Common. 

72. Trichodina pediculus Ehrbg. On Hydra. This species has bee n 
reported by Zacharias (See Zeitschrift fiir Fischerei und deren Hilfswiss- 
enschaften, 1894, Heft 4) as parasitic on young whitefish, as many as 
25 individuals being found on 4 sq. mm. of epidermis. 

73. Vorticella rhabdostyloides D. S. Kellicott. Abundant on floating 
masses of Anabeena in surface and bottom tows in Round and Pine lakes 
and Lake Michigan. 

74. Vorticella campanula Ehrbg. In shore collections from East 
and West Twin lakes; rare. 

75. Vorticella nebulifera Ehrbg. Occasional i in shore collections from 
Twenty-six Lake. 

176. Ophrydium versatile O. FE. Mill. In East Twin and Susan lakes. 
Common. Colonies reaching in some cases 125 mm. in longest diameter. 

717. Cothurma crystallina Ehrbg. On Spirogyra in East Twin Lake, 
occasional. A single small detached form taken in the plankton net within 
3 m. of the surface is probably to be referred to this species. 

78. Lagenophrys ampulla Stein. On the branchial appendages of 
Hyalella dentata Smith, from West Twin Lake; common. 

19. Stylohedra lenticula D. S. Kellicott. Common on the caudal 
sete of Hyalella dentata Smith, from Twenty-six Lake and bottom tows 
in Lake Michigan. 

80. Dendrocometes paradoxus Stein. One detached dead specimen 
was found in the shore collections from West Twin Lake. 

81. Podophrya cyclopum C. & L. On carapace of EHpischura lacus- 
tris Forbes. 


The nature of the lakes examined by the Fish Commission party in 1894 
differs strikingly from that of Lake St. Clair examined in 1893. Lake St. 
Clair is a shallow lake with strong currents and an abundant supply of 
vegetation. Lake Michigan on the other hand has deeper water, feebler 
currents and little or no vegetation along its shores or on its bottom. 
Thus of Magnin’s plant zones, the Phragmitetum, Scirpetum, Potamoge- 
tonetum and Characetum the last only is represented and that too in very 
limited areas, at least in the parts of the lake examined in 1894, 
This fact necessarily profoundly influences the character of the Proto- 
zoan fauna of the littoral zone and to a slight degree at least the qualita- 
tive character of the plankton itself, as it must reduce the number of 
occasional migrants from the littoral zone. 

The conditions in Pine Lake resemble those of Lake Michigan in the 
absence of littoral vegetation and the limited area of the Characetum. 
Its fine marl and sand bottom affords no support to the alluvium loving 
water plants. Round Lake also is devoid of any considerable amount of 
vegetation; only a few scattered Potamogetons and isolated patches of 
Chara being found. 
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The Protozoan fauna of these lakes falls into two divisions representing 
(1) limnetic fauna—found free swimming or floating in the plankton and 
including relatively a very small number of species—and S| littoral fauna. 


LIMNETIC FORMS, (21.) 


Difflugia globulosa. Mallomonas acarovdes. 
Actinophrys sol. Mallomonas acaroides var. pro- 
Actinospheerium Eichhornii. ducta. 

Dinobryon sertularia. Gonium pectorale. 


Dinobryon sertularia var. divergens. Pandorina morum. 
Dinobryon  sertularia var. angu- Diplosiga frequentissima. 


latum. Peridinium tabulatum. 
Dinobryon sertularia var. undu- Ceratiwm hirundinella. 

latum. Glenodinium cinctum. 
Dinobryon stipitatum. Codonella cratera. 
Uroglena volvox. Vorticella rhabdostyloides. 
Synura uvella. Podophrya cyclopum, 


Of the 21 species included in the above list all belong to the active lim- 
netic groups except the following which must be classed as passive 
limnetic forms: 


Diplosiga frequentissima (on Asterionella). 
Vorticella rhabdostyloides (on Anabeena). 
Podophrya cyclopum (on Epischura lacustris). 


There is not the least doubt that Difflugia globulosa is a prominent and 
during the period of observation, July 24-Sept. 1, constant member of 
the limnetic fauna. Its classification as an active form is perhaps ques- 
tionable. With the exception of this Rhizopod, Difflugia, the Heliozoans 
Actinophrys and Actinosphcerium, and the aberrant ciliate Codonella, all 
of the active limnetic species belong to the Mastigophora, are indepen- 
dent of a substratum for attachment and have holozoic nutrition. 
They share with the tew pelagic alge and diatoms the important func- 
tion of furnishing food for the limnetic Crustacea which in turn are 
probably eaten by fish. They are thus an indispensable factor in the 
economy of the organic life of the Lakes. 

In addition to the species in the above list which form the greater part 
of the Protozoan plankton there are many species of the littoral zone which 
are from time to time found in the plankton. 

The following forms which probably belong to the littoral fauna have 
been observed in the plankton and further investigation would doubtless 
extend the list to include most if not all of the species of the littoral fauna. 


Arcella vulgaris Trinema enchelys 
Hyalosphenia elegans Cyphoderia ampulla 
Difflugia lobostoma , Huglena viridis 
Centropyxis aculeata Volvox globator 
Euglypha ciliata Cothurma crystallina 


Actinospherium Eichhorn and Podophrya cyclopum are also found 
in the littoral zone and might be included in the list as frequent migrants. 
Actinophrys sol on the other hand must be regarded as a limnetic as well 
asa littoral species inasmuch as mere migration is insufficent to explain 
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its frequent and repeated occurrence in the waters of Lake Michigan miles 
from shore. 

There is not sufficient evidence at hand for a distinction between the 
autolimnetic or surface, and the bathylimnetic or abyssal species inas- 
much as the nets used for taking the bottom tow were not self closing and 
so called “bottom tow” included not only the bottom species but also 
those captured during the ascent of the net. The examination of the hauls 
with the plankton net will doubtless shed some light on the subject of the 
distribution of the protozoa in the bottom, the intermediate and the surface 
zones. So far as the evidence at hand goes, the indications are that the 
large majority of the limnetic species are found at both surface and bot- 
tom. Difflugia globulosa and Actinophrys sol are apparently more 
abundant in the surface tow. Actinospherium Hichhornu, Euglena 
viridis, Mallomonas acaroides var. producta, Volvox globator, have 
been found mainly or only in bottom tows though all but one of these may 
be migrants, and al! occur infrequently. 


LITTORAL FORMS. 


Lake Michigan has properly speaking no littoral zone. The sandy beach 
and the action of.the waves prevent its formation and the migrants are 
probably carried down by the tributaries. In the case of Pine Lake how- 
ever we can distinguish a slightly developed littoral zone with two distinct 
regions. (1) Shore pools; shallow bodies of water of small extent fed 
by springs. They contain a few dwarfed rushes, sedges and Utricularias 
and Bena an abundance of alge. In these pools the following species 
were found: 


Amoeba radiosa. Cyclidium glaucoma. 

Amoeba verrucosa. Spirostomum ambiguum. 
Arcella vulgaris. Stentor igneus. 

Actinophrys sol. Stentor igneus var. fuliginosus. 
Vampyrella laterita. Stentor Koeselit. 

Heterophrys myriapoda. Falteria grandinella. 
Entosiphon sulcatum. Oxytricha ceruginosa. 

Coleps hirtus. Stylonychia mytilus. 

Trachelius ovum. Euplotes Charon. 

Uronema marina. Aspidisca costata. 


Paramecium aurelia. 


(2.) Sphagnum: This is abundant in the cedar swamps (on the borders 
of Pine Lake) which are drained by brooks directly into the lake. In some 
places the Sphagnum comes to the water edge. Its Protozoan fauna con- 
sists mainly of Rhizopods. The following species were noted. Others 
doubtless occur. 


Amoeba proteus. Centropyxis aculeata. 
Ameceba radiosa. Nebela barbata. 
Arcella vulgaris. EHuglypha alveolata. 
Hyalosphema elegans. Euglypha ciliata. 
Hyalosphenia papilio. Euglypha cristata. 
Quadrula symmetrica. Trinema enchelys. 
Difflugia collaris. Cyphoderia ampulla. 


Diffugia pyriformis. 
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The other inland lakes investigated had well developed littoral zones, 
abounding in plant life. The determination of the fauna of these lakes 
was confined to the examination of shore collections and this owing to 
the short time available for the purpose was necessarily very incomplete. 
Nevertheless it was here that the greatest number of species was found. — 
The following were identified: 


Amceba proteus. Chilomonas paramoecium. 
Arcella vulgaris. “Peridinium tabulatum. 
Hyalosphenia elegans. Ceratiwm cornutum. 
Difflugia collars. Ceratium hirundinella. 
Difflugia constricta. Glenodinium cinctum. 
Difflugia globulosa. Coleps hirtus. 
Difflugia lobostoma. Dileptus anser. 
Diffugia pyriformis. Frontoma acuminata. 
Centropyxis aculeata. . Parameecium aurelia. 
Centropyxis ecornis. Parameecium bursaria. 
Trinema alveolata. Urocentrum turbo. 
Cyphoderia ampulla. Stentor Roeseli. 
Gromia mutabilis. Strombidium turbo. 
Actinophrys sol. Stylonychia mytilus. 
Vampyrella laterita. Stichotricha cornuta. 
Kaphidiophrys viridis. Trichodina pediculus. 
Dinobryon sertularia. Vorticella campanula. 
Dinobryon sertularia var. angula- Vorticella nebulifera. 
tum. Ophrydium versatile. 
Synura uvella. Cothurnia crystallina. 
Mallomonas acarovdes. Lagenophrys ampulla. 
Mallomonas acaroides var. pro- Stylohedra lenticula. 
ducta. Dendrocometes paradoxus. 


The close similarity of the European and the North American Protozoan 
fauna is strikingly illustrated in the list of Protozoa observed at Charle- 
voix. Of the 81 forms identified at least 73 (and probably more) are also 
found in Europe. 

Zacharias in the Forschungsberichte aus der Biologischen Station 
zu Plon, Theil IT, lists 98 Protozoa as occurring in the Ploner See, 48 of 
which are contained in the present incomplete Charlevoix list. With two. 
exceptions, Podophrya cyclopum and Glenodinium cinctum, every one of 
the limnetic species reported for our waters is also found at Plon. The © 
limnetic Protozoa of the two continents are practically identical. 
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APPENDIX III. 


REPORT ON THE ROTATORIA. 


WITH DESCRIPTION OF A NEW SPECIES. 


BY H. 8S. JENNINGS. 


The Rotatoria are much less abundant in Lake Michigan and the waters 
‘connected with it, in the region of Charlevoix, than in Lake St. Clair. 
The limnetic species are fairly well represented, but littoral and bottom 
forms are rare on account of the character of the shores and bottom. 
These are almost everywhere of sand or clay and nearly without vegeta- 
tion. The number of species found in these lakes is therefore scarcely more 
than half the number found in Lake St. Clair in the summer of 1893. 

In some of the smaller lakes at some distance from Lake Michigan and 
not openly communicating with it, Rotifera are more abundant, the fauna 
here showing much more the characteristics of that of Lake St. Clair. 
The rotifers from these lakes will be reported separately, as will also a 
short list from the sphagnum swamps of the region. 

The account therefore takes the following form: 

1. List of Rotatoria from Lake Michigan and the two lakes in open 
communication with it (Round Lake and Pine Lake), with notes on 
distribution. 

2. List of Rotatoria from pools on the sandy shore of Pine Lake. 

3. List of Rotatoria from West Twin Lake. 

4, List of some Rotatoria in material brought from Susan Lake. 

5. List of Rotatoria from sphagnum swamps near Pine Lake. 

6. List of species new to the fauna of Michigan. 

7. Systematic and faunistic notes on certain species in the preceding 
lists, with description and figures of Distyla signifera n. sp. 


1. LIST OF ROTATORIA FROM LAKE MICHIGAN, ROUND LAKE, AND PINE LAKE, 


This list includes limnetic, littoral and bottom species from these three 
lakes and from the channels connecting them. The three lakes are 
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included in one list on account of their open communication with each 
other and their similar characteristics; differences will be discussed in the 
notes at the end. The list does not include forms found in the shallow 
pools on the shores of Pine Lake; unconnected or only slightly connected 
with the main waters. These show a different character and are given in 
a separate list. 

In order to show any differences in the fauna of the three lakes jhetuded 
in this one list, a letter is added in parenthesis, indicating in which lake or 
lakes the form was found. M. signifies Lake Michigan; AR. signifies 
Round Lake; P. Pine Lake, and C. the natural channel connecting Round 
and Pine lakes. (See Pl. IV.) 

The figures in parenthesis after the names of certain species refer to the 
systematic and faunistic notes at the end of the paper. 


Rotatoria from Lake Michigan, Round Lake, Pine Lake, and the Channel Connect- 
ing Round Lake and Pine Lake. 


Floscularia mutabilis Bolton. (M.R.P.) Diglena catellina Ehrbg. (R. C. 

Floscularia pelagica Rousselet. (M.R.P.) Mastigocerca carinata Khrbg. (M, P. 

Conochilus unicornis Rousselet. (M.R.) | _Mastigocerca bicornis Ehrbg. (M. Bi FP.) 
C.) 


Philodina roseola Ehrbg. (C.) Rattulus sulcatus Jennings. ( 
Philodina megalotrocha Ehrbg. (P. C.) Coelopus porcellus Gosse. (C.) 
Philodina macrostyla Ehrbg. {M.) Coelopus tenuior Gosse, (C.) 

Rotifer vulgaris Schrank. (P. C.) Dinocharis pocillum Ehrbg, (R.) 
Rotifer elongatus Weber. (M.) Dinccharis tetractis Ehrbg. (M. C.) 
Callidina musculosa Milne. (M.) Polychzetus subquadratus Perty. (C.) 


Asplanchna priodonta Gosse. (M. R. 
Asplanchna Herrickii de Guerne. (M. 
Asplanchnopus myrmeleo Ehrbg. (P. 
Ascomorpha ecaudis Perty. (M. R. P. 
Anapus ovalis Bergendal. (M. R. P.) Euchlanis defiexa Gosse. (C.) 

Syncheeta stylata Wierz. (M. RB. P.) Euchlanis oropha Gosse. (R. P. C.) 
Polyarthra platyptera Ehrbg. cS .R.P.) Cathypna luna Ehrbg. (C.) 
Be a: 


P.C.) Polychztus Collinsii Gosse. (C.) 
P.) Scaridium longicaudatum Ehrbg. (P. C.) 
_ Diaschiza semiaperta Gosse. (R. P. C.) 
Euchlanis lyra Hudson. (R.) 


Notops pygmzeus Calman. (M. R. P.) Monostyla bulla Gosse. (C.) 

Ploesoma lynceus Ehrbg. (M. R. P) Monostyla lunaris Hhrbg. (R.C.) (Note ep 
Ploesoma Hudsoni Imhof. (M. R.) Monostyla closterocerca Schmarda? ( 
Taphrocampa annulosa Gosse. (C.) Rie C;) 

Notommata lacinulata Ehrbg. (R. C.) Metopidia lepadella Ehrbg. (C.) 
Notommata monopus Jennings. (M.R. P.) Metopidia acuminata Ehrbg. (R.) 
Copeus labiatus Gosse. (P.) Metopidia Ehrenbergii car (C.) 
Proales laurentinus Jennings. (C.) (Note2.) Brachionus Bakeri Ehrbg. (C.) 
Furcularia forificula Ehrbg. (P.C.) Anurea aculeata Ehrbg. (M. 
Furcularia longiseta Ehrbg. (P. C.) Anurea cochlearis Gosse. (M. R. P.) 
Triophthalmus dorsualis Hhrbg. (R. P.) | Nothocla scapha Gosse. (M. R.) 
Eosphora aurita Ehrbg. (R.) Notholca foliacea Ehrbg. (R.) 


Diglena grandis Ehrbg, (U.) Notholea longispina Kellicott. (M. R. P.) 
Diglena forcipata Ehrbg. (C.) 

Thus in these three connected lakes but fifty-eight species were found, 
as against one hundred and ten in Lake St. Clair during the preceding 
summer, though the investigation here was fully as thorough as that of 
Lake St. Clair. Twenty-four species were found in Lake Michigan, 
twenty-eight in Round Lake, twenty-five in Pine Lake, and twenty-nine in 
the shallow channel between Round Lake and Pine Lake. Lake Michigan 
has four species not found in the others, Round Lake five, Pine Lake two 
and the channel sixteen. 

The great reduction in number comes especially in the littoral and bot- 
tom forms. The shores and bottom of Round Lake and Pine Lake were 
carefully examined, but the number of littoral or bottom forms is only 
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twenty-three. The small number is due to the genéral absence of vegeta- 
tion. The few Chara beds of Pine Lake harbor very few rotifers. The 
channel connecting Round Lake and Pine Lake is shallow and contains 
considerable vegetation, so that a comparatively large number—twenty- 
nine—of distinctively littoral rotifers were found here. 

In Lake Michigan almost no littoral or bottom forms were found. Ina 
few cases vegetation from deep parts of the bottom was brought up by the 
dredges; in this eight bottom forms were found. These are Philodina 
macrostyla Ehrbg., Rotifer elongatus Weber, Callidina musculosa 
Milne, and Dinocharis tetractius Ehrbg., dredged from a depth of six- 
teen meters, and Ascomorpha ecaudis Perty, Mastigocerca carinata 
Ehrbg., Mastigocerca bicornis Erhbg., and Monostyla closterocerca 
Schmarda, depth not recorded. 

The limnetic forms of the list are as follows: 


Floscularia mutabilis Bolton. Polyarthra platyptera Ehrbg. 
Floscularia pelagica Rousselet. Ploesoma lynceus Ehrbg. 
Conochilus unicornis Rousselet. Plcesoma Hudsoni Imhof. 
Asplanchna priodonta Gosse. Notops pygmzus Calman. 
Asplanchna Herrickii de Guerne. Notommata monopus Jennings. 
Anapus ovalis Bergendal. Anurza cochlearis Gosse. 
Syncheta stylata Wierz. Notholea longispina Kellicott. 


Mastigocerca bicorns Ehrbg. was taken several times in the towings, 
and as has been noted by other observers, seems to be a transitional form 
between limnetic and littoral Rotatoria. Isolated specimens of some few 
other rotifers—Huchlanis oropha Gosse, Ascomorpha ecaudis Perty, 
Monostyla closterocerca Schmarda, Monostyla lunaris Ehrbg., and 
Notholca scapha Gosse—were taken occasionally in the towings, but these 
were evidently wanderers from the bottom or shore. 

The list then contains but fourteen limnetic Rotatoria, as against twenty- 
four from Lake St. Clair. With farther observation I am inclined to believe 
that a number of those in the Lake St. Clair list are due to the shallow- 
ness and rank vegétation of that lake. As such, and as therefore not 
entitled to be called genuine limnetic forms, I should consider Apsilus 
lentiformis Metsch., Ascomorpha hyalina Kellicott, and Mastigocerca 
capucina Wierz. and Zach. 

As to the relative abundance of the different species, there is a general, 
though not exact, agreement with Lake St. Clair. Exact records of the 
presence of the forms in forty-nine towings taken at different times or 
places showed the relative frequency of the more common species as fol- 
lows: Anurca cochlearis Gosse occurred forty two times; Notholca 
longispina Kellicott, forty-one times; Notops pygmeus Calman, thirty- 
eight times. These three commonest species were followed at some 
distance by Syncheta stylata Wierz., twenty-eight times; Ploasoma 
lynceus Ehrbg., twenty-six times; Polyarthra platyptera Ehrbg., twenty- 
four times; Asplanchna priodonta Gosse, twenty-two times; Hloscularia 
mutabilis Bolton, twenty-one times; Conochilus wunicornis Rousselet, 
twenty-one times, and Notommata monopus Jennings, seventeen times. The 
others occurred in less than one-third the whole number of towings. As 
noted below, in the latter part of the summer Asplanchna Herricki de 
Guerne became very abundant, forming by far the largest number of 
individuals in the towings during the last weeks of August. 

The limnetic rotifers were considerably less abundant in Pine Lake than 
in the other two lakes. Thus the average number of species occurring in 
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the surface towings from Lake Michigan and from Round Lake was 
between nine and ten while from Pine Lake the average was but five and a 
half. In the bottom towings the average for Lake Michigan and Round 
Lake was five and a half, while for Pine Lake it was four and a half. Some 
species were not found at all in Pine Lake; this is true of Conochilus 
unicornis Rousselet, which was very common in the other two lakes; also 
of Plaesoma HudsoniImh. Floscularia pelagica Rousselet occurred: but 
once from Pine Lake; Plasoma lynceus Ehrbg., twice, Syncheeta stylata 
Wierz. (very abundant in the other lakes), three times. 

During the daylight the limnetic Rotifera are found in much greater 
numbers near the surface than near the bottom, reversing the condition 
commonly observed for the Crustacea. This fact is brought out distinctly 
in the record of towings. In eighteen recorded surface towings from 
Lake Michigan and Round Lake, taken on different days, the average num- 
ber of species present was between nine and ten, and the number of indi- 
viduals of many of these was very great. In twenty recorded towings 
from near the bottom of the same lakes, the average number of species 
found was between five and six, and generally but scattered individuals of 
each species were found—such as might have been caught in pulling the 
net to the surface. The difference in Pine Lake is not so considerable, 
Ho the number of species found there is very small, either at surface or 

ottom. 

At night the distribution seems not to be materially changed. The 
immense numbers of Crustacea then present near the surface obscure the 
Rotifera; but no greater number of rotifers was found near the bottom, in 
the few towings made at night than in the daytime. 

My observations tend most distinctly to ako that there is great varia- 
tion in the numbers of rotifers present in any one region within short 
periods of time; also that there is great variation in the numbers taken in 
different regions at about the same time. Certain forms seem fairly con- 
stant as to their presence in the towings, from the records given above, but 
these in some of the towings were present in immense numbers, while in 
other cases only scattered individuals were found. Other species were 
at one time present in large numbers, at other times entirely lacking, and 
this within short periods. This fact of great variations in the number and 
presence of rotifers is so apparent from the towing records that it is diffi- 
cult to select any special examples, I will record one striking case of 
variation within twenty-four hours. 

Aug. 22, at 2.30 p. m., I towed along the pier projecting into Lake 
Michigan from the entrance to the harbor of Charlevoix. The towings 
were made the full length of the pier four times. The material thus 
obtained contained immense quantities of Asplanchna Herricku de 
Guerne. Careful examination of the preserved material led to the esti- 
mate that about one-fourth of the entire catch consisted of this form. 

The next day at 10:30 a. m., I repeated the towings in the same place 
and with a similar net. The material collected was found to contain very 
few Asplanchnas. Thinking this might be due to some difference in the 
two nets, I took the same net used the day before, and at the same time of 
day, 2:30 p. m., I towed along the pier in exactly the same place and in 
the same way I had done the previous day. Towings were obtained in 
quantity similar to those of the day before, but they contained almost no 
specimens of Asplanchna Herrickui; after long examination I succeeded 
in finding a single specimen. 
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The two days were similar, both bright, with a slight wind, a little 
stronger on the second day. The direction of the slight current into the 
harbor was the same both days. 

As to variations with the season, only one marked case came under my 
observation. In June and July, Asplanchna priodonta Gosse was one 
of the commonest limnetic rotifers, while Asplanchna Herrickii de 
Guerne was scarcely ever observed. But in the early part of August the 
numbers of Asplanchna Herrickw greatly increased, so that for a few 
days about equal numbers of the two species were found. Then the num- 
bers of Asplanchna priodonta began to decrease very rapidly while the 
numbers of the other species continued to increase. In the latter part of 
August Asplanchna Herrickw was by far the most abundant rotifer in 
the towings, while Asplanchn1 priodonta had almost disappeared. 


2. LIST OF ROTATORIA FROM POOLS ON THE SANDY SHORE OF PINE LAKE. 


The shore of Pine Lake is in certain parts low, flat and sandy, with 
numerous very shallow pools, containing a thick growth of the finer alge, 
and sometimes of Utricularia. Some of these pools are formed by the 
spreading out of rivulets flowing into the lake; in this case they are 
generally connected with the lake itself by narrow, shallow streamlets 
running a short distance over the sand, and containing no vegetation. 
Other pools are not under ordinary circumstances connected with the lake 
at all, but lie at the same level as its waters, separated from it by strips of 
sandy shore. These pools show a fauna differing in character from any- 
thing found in the main body of the lake, and a list of the twenty-seven 
species found is therefore given separately. Eleven of these species were 
found also in the waters connected with the main body of the three lakes; 
the rest were not: 


Rotatoria from the Pools on the Shore of Pine Lake, 


Philodina megalotrocha Ehrbg. Dinocharis tetractis Ehrog. 
Philodina macrostyla Ehrbg. Polychztus Collinsii Gosse. 
Rotifer vulgaris Khrbg. Scaridium longicaudatum Ehrbg. 
Rotifer tardus Ehrbg. Kuchlanis deflexa Gosse. 

Rotifer trisecatus Weber. Kuchlanis triquetra Ehrbg. 
Microcodides orbiculodiscus Thorpe. Monostyla cornuta Ehrbg. 
Copeus labiatus Gosse. Monostyla bulla Gosse. 
Furcularia forficula Ehrbg. Monostyla closterocerca Schmarda (?). 
Furcularia gracilis Ehrbg. Metopidia lepadella EKhrbg. 
Furcularia longiseta Ehrbg. Metopidia Ehrenbergii Perty. 
Furcularia micropus Gosse. Pterodina patina EKhrbg. 
Furcularia semisetifera Glasscott. Pterodina reflexa Gosse. 
Mastigocerca bicornis Ehrbg. Noteus quadricornis Ehrbg. 


Rattulus sulcatus Jennings. (Note 2.) 
3. LIST OF ROTATORIA FROM WEST TWIN LAKE, 


~ West Twin Lake is a small inland lake lying at a distance of several 
miles from the other lakes examined, and connected with Pine Lake only 
by asmall stream. It differs markedly in its main characteristics from 
the waters directly connected with Lake Michigan. The shores and bot- 
- tom are of soft deep mud, and vegetation is abundant. Here the rotatorial 
fauna is much more like that of the shallow parts of Lake St. Clair than 
was found elsewhere in this region. From this lake the following species 
were identified. 
12 
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Rotatoria from West Twin Lake. 


Floscularia companulata Dobie. Diglena grandis Ehrbg. 

Floscularia mutabilis Bolton. Mastigocerca bicristata Gosse. (Note 3.) 
Stephanoceros Kichhornii Ehrbg. Mastigocerca capucina Wierz. u. Zach. 
Oecistes mucicola Kellicott. Mastigocerca lata Jennings. 
Lacinularia socialis Ehrbg. Rattulus sulcatus Jennings. (Note 4.) 
Conochilus volvox Khrbg. Dinocharis tetractis Khrbg. 

Philodina macrostyla Ehrbg. EKuchlanis triquetra Khrbg. 
Microcodon clavus Ehrbg. Euchlanis oropha Gosse. 
Asplanchnopus myrmeleo Ehrbg. Cathypna luna Ehrbg. 

Ascomorpha hyalina Kellicott. Distyla signifera n. sp. (Note 5.) 
Anapus ovalis Bergendal. Monostyla bulla Gosse. 

Syncheta stylata Wierz. (Note 1.) Monostyla quadridentata Ehrbg. 
Polyarthra platyptera Ehrbg. \ Metopidia Ehrenbergii Perty. 

Notops pygmzus Calman. Pterodina patina Ehrbg. 

Ploesoma lynceus Ehrbg. Pterodina parva Ternetz. 

Notommata lacinulata Ehrbg. Pterodina reflexa Gosse. 

Notommata monopus Jennings. Brachionus Bakeri Ehbrbg. 

Proales laurentinus Jennings. (Note 2.) Brachionus militaris Ehrbg. 
Furcularia longiseta Ehrbg. Anurea cochlearis Gosse. 


4, LIST OF SOME ROTATORIA IN MATERIAL§BROUGHT FROM SUSAN LAKE, 


Melicerta ringens Schrank. Notommata monopus Jennings, 
Asplanchna Herrickii de Guerne. Brachionus militaris Ehrbg. 
Ploesoma lynceus Ehrbg. 


5. LIST OF ROTATORIA FROM SPHAGNUM SWAMPS NEAR PINE LAKE, 


Near the shores of Pine Lake are a number of “ tamarack swamps,” 
formed by the spreading out of small streams before entering the lake. 
These are filled with Sphagnum and similar vegetable life, and covered 
with a dense growth of underbrush and trees, among which the tamaraek 
is predominant. An examination of material brought from these shows 
that rotifers are not abundant; the forms found are mostly of the families 
everywhere characteristic of Sphagnum swamps—the Philodinade 
Cathypnade, and Coluride. A list of some forms identified is here given: 


Rotatoria from Sphagnum Swamps near Pine Lake. 


Philodina aculeata Ehrbg. Copeus pachyurus Gosse. 
Callidina constricta Duj. Distyla inermis Bryce. 
Callidina magna Plate. Metopidia solidus Gosse. 
Callidina papillosa Thompson. Metopidia triptera Ehrbg. 


Adineta vaga Davis. 


6. LIST OF SPECIES NEW TO THE FAUNA OF MICHIGAN. 


In the foregoing lists, containing in all ninety-four species, the following 
twenty species are recorded for the first time as occurring in Michigan, 
and so far as I am aware, in America: 


Callidina constricta Duj. Diglena catellina Ehrbg. 
Callidina magna Plate. Mastigocerca bicristata Gosse. 
Callidina papillosa Thompson. * Ccelopus tenuior Gosse. 
Callidina musculosa Milne. Polycheetus Collinsii Gogse. 
Adineta vaga Davis. Distyla signifera n. sp. 
Asplanchnopus myrmeleo Ehrbg. Distyla inermis Bryce. 
Copeus pachyurus Gosse. Metopidia solidus Gosse. 
Furcularia micropus Gosse. Pterodina parva Ternetz. 
Furcularia semisetifera Glasscott. Notholca scapha Gosse. 


Triophthalmus dorsualis Ehrbg. Notholca foliacea Ehrbg. 
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7. SYSTEMATIC AND FAUNISTIC NOTES ON CERTAIN SPECIES IN THE PRECEDING LISTS. 


(1.) Syncheta stylata Wierz. 

In my first report on the Rotatoria (Bulletin of the Michigan Fish Com- 
mission, No. 3, 1894), I noted the fact that one of the most abundant 
of the limnetic Rotatoria in Lake St. Clair was Syncheeta stylata Wierz., 
while in Whitmore Lake, a small body of water unconneeted with the great 
lakes, Syncheta pectinata Ehrbg. was found in equal numbers while 
Syncheeta stylata was not present. In the summer of 1894 I hoped to 
make farther observations on this peculiar difference. In Lake Michigan, 
Round Lake, and Pine Lake, as was to be expected, only Syncheeta stylata 
was found. It seemed possible that in the small inland lake known as 
West Twin Lake, only indirectly connected with the great lake system, 
Syncheeta pectinata would again occur. But such was not the case; 
Syncheta stylata was found in numbers, but no other member of the 
genus occurred. At the present time, therefore Syncheta pectinata has 
been reported only from Whitmore Lake. 

(2.) Proales laurentinus Jennings. 

This is the form described in Bulletin of the Michigan Fish Commis- 
sion, No. 3, 1894, as Notops laurentinus. The tendency has been in the 
past few years to consider the genus JVotops as typically loricate, though 
belonging to an illoricate family. Of the species described in Hudson 
and Gosse’s Monograph, one is loricata while the other two are not, and 
the other two genera of this family—Hydatina and Rhinops—are dis- 
tinctly illoricate. But Notops minor Rousselet, (Journal of the Quekett 
Microscopical Club, 1892, Series 2, Vol. 4, p. 359), and Notops pygmaeus 
Calman, (Annals of Scottish Natural History, Oct. 1892, p. 240), are 
loricate forms, and show the general tendency to consider this a loricate 
group. As my species, besides being illoricate, shows undoubted 
Notommatoid characteristics in other respects, as was noted in my descrip- 
tion, it should probably be transferred to another genus. Mr. Charles 
Rousselet, of London, England has recently discovered on Hertford Heath 
a species very similar to this, but.of a more slender form, showing still 
farther the relationship with the Notommatadc. His species could not 
possibly be considered a Notops, and as the two undoubtedly belong 
together I have adopted the suggestion of Mr. Rousselet that both should 
be referred to the rather heterogeneous and ill defined genus Proales. 

(3.) Mastigocerca bicristata Gosse. 

This is not the form mentioned on page 19 of my report in Bulletin of 
the Michigan Fish Commission No. 3, 1894, but is evidently the real 
Mastigocerca bicristata of Gosse, while the form there mentioned is a new 
species. It agrees with Mastigocerca bicristata Gosse in having two 
crests, but differs markedly in other respects. Only a few specimens of 
the real Mastigocerca bicristata were found amid Utricularia from West 
Twin Lake. The other two-crested species was very abundant, especially 
in Round Lake and in the channel between Round Lake and Pine Lake. It 
is hoped some time in the future to publish careful comparative descrip-. 
tions of the two forms; at present my notes and figures are not complete. 

(4.) Rattulus sulcatus Jennings, 

This form was described and figured by Bilfinger, in a paper which came 
just too late to be mentioned in my previous report (l. c.), as Caelopus 
brachiurus Gosse (?). (Bilfinger Zur Rotatorienfauna Wiirttembergs, 
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Zweiter Beitrag, Jahreshefte des Vereins fiir vaterl. Naturkunde in 
Wirttemberg, 1894.) As Bilfinger states, the animal is unquestionably a 
Ratiulus and not a Coelopus. I have seen the two equal toes widely sepa- 
rated, then closed together again. Furthermore the toes are here very 
short (0.022 mm.) both relatively and absolutely, forming only about one- 
seventh of the entire length of the animal (0.144mm.). I give Bilfinger’s 
measurements, as they agree almost exactly with my own. Butin Coclopus 
brachiurus as described and figured by Gosse, the toes are both relatively 


and absolutely much longer (35 inch = .043 mm.), forming about one- 


fourth of the entire length of the animal. Mr. Charles Rousselet has been 
so good as to send me some farther notes and figure of Calopus brachiurus 
Gosse, as found in England, and from these the distinctness of the two 
forms seem still more clear. Ccelopus brachiurus swims commonly with 
the toes held straight out behind, according to Mr. Rousselet, whereas in 
the many living specimens of this Rattulus which I have seen, the toes 
are always retracted, as shown in my own figures and that of Bilfinger. 
Bilfinger states also that in all specimens seen by him the toes were 
retracted. In Coelopus brachiurus, even when the toes are ‘“ thrust up 
under the belly,” as figured by Gosse in the monograph, they are not held 
at all in the same position as in Rattulus sulcatus, being turned points for- 
ward instead of being retracted into the lorica in their natural position. 
The following then are the points of difference: 


Calopus brachiurus Gosse. Rattulus sulcatus Jennings. 
Toes of the Celopus type (?). Toes, equal and side by side (Rattulus 
Length of toes, 545 inch=.043 mm. type). 
Total length, ;}; inch=.185 mm. Length of toes, .022 mm. 
Toes nearly 14 of entire length. Total length, .144 mm. 
Toes held straight out behind or curved, | ‘Toes about } of entire length. 
points forward. Toes retracted within the lorica. 


It seems to me beyond question that the two forms are distinct. 

Mr. Rousselet suggested the possibility of the identity of this form with 
Ceelopus porcellus Gosse, and sent me mounted specimens of that form 
for comparison. The distinction is at once evident on comparing the two 
animals; moreover, Colopus porcellus is common in Michigan. I was 
acquainted with it before I saw this Rattulus. 

Rattulus sulcatus it seems to me then is certainly a species distinct 
from any hitherto described. 

(5.) Duistyla signifera n. sp. 

Lorica of the flattened truncate elliptical form typical of the genus: 
the whole animal in general form much like the Distyla inermis of Bryce 
(Science Gossip, Dec., 1892), though perhaps a little broader. But the lorica 
as marked both dorsally and ventrally by crescentic elevations, arranged 
in somewhat regular patterns. On the ventral surface these are mostly 
in longitudinal rows, while on the dorsal surface the pattern is consider- 
ably more complicated and at the same time less regular. The two figures, 
from camera drawings, render a minute description of the arrangement of 
these elevations superfluous. The dorsal view shows not only the arrange- 
ment but also, so far as possible, the size and form of each of the mark- 
ings; in the ventral view the arrangement is accurate, but each elevation 
was not outlined separately with the camera. The toes are rod- like, 
tapering near the distal end on the outer side, so as to form an inner 
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point—so that when the two toes are placed side by side only one point 
is formed. The internal anatomy offers nothing of interest. 

All distinctive characters of the animal are better indicated by the fig- 
ures than would be possible by an extended description. 

Length, about .22 mm. 

In Utricularia from West Twin Lake; not common. 

Figure 1.—Dorsal view of the entire animal. 

Figure 2.—Ventral view of the lorica. 

(6.) Monostyla lunaris Ehrbg. 

This common form agrees with descriptions and figures of Monostyla 
lunaris Ehrbg., except that the toe is not protruded between two spines, 
but the foot passes without break into the toe. The foot is wnjointed, so 
that this is not the Monostyla Quennerstedti of Bergendal. I have not 
considered this variation to be of sufficient importance to separate my 
form from the common one. 
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PRELIMINARY REPORT ON COLLECTIONS OF TURBELLARIA FROM 
LAKE ST. CLAIR AND CHARLEVOIX, MICHIGAN! 


BY W. MOM. WOODWORTH, INSTRUCTOR IN MICROSCOPICAL ANATOMY, AND 
MUSEUM ASSISTANT IN CHARGE OF VERMES, HARVARD UNIVERSITY. 


_ Amore detailed report with figures will appear in the Bulletin of the 
Museum of Comparative Zodlogy. 

The collections, though small, contribute three new species to the 
Turbellarian fauna of the United States, two of which have never before 
been described. In the absence of any data regarding the color and shape 
of the living animals, the descriptions are necessarily based upon the 
appearances of the alcoholic material. 


Planaria simplex sp. nov. 


One Specimen. ‘“ Dredge Aug. 11, 1894, off N. Y. Point, Lake Michi- 
gan.” Length 4 mm., oreatest breadth 1.8 mm. General shape 
ovate. Broadest at + the total length from the anterior end, taper- 
ing from here to rounded posterior extremity. Anterior end 
rounded, set off from rest of body by slight lateral indentations at 
the level of the eyes, i.e., about 7, the total length from anterior end. 
Broadest diameter + the distance from anterior end. No cephalic 
appendages. Mouth 4 total length from posterior end. Eye spots 
elongated, crescentic, facing outward and forward at an angle of 45° 
to the chief axis of the worm. Intestine of the simple triclad 
type. No signs of sexual organs. Immature. Pigment, located 
in spots of nearly uniform size, distributed uniformly over all parts 
of the body; no clear areas at sides of head nor surrounding the 
eyes. Color of alcoholic specimen ochre yellow. 


Planaria maculata Leidy. 


One specimen from New Baltimore, Lake St. Clair, Aug. 20, 1898. 
Seven specimens “on leaves of Nymphea, Twin lakes, Charlevoix, 
Aug. 6, 1894.” Four specimens from “ Utricularia- ee West 
Twin Lake, Charlevoix, Aug. 18, 1894.” 


1 Contributions from the Zoological Laboratory of the Museum of Comparative Zodlogy, E. L. Mark, - 
director, No. LXIII. 
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* Procotyla fluviatilis Leidy. 


“ Round Lake July 9, 1894.” Probably the above species. Catalogued 
as “ white planarian.”’ No other data. 


Mesostoma Wardii sp. nov. 

Nine specimens: “Turbellaria [from] alge, Aug. 20, 1893, New Balti- 
more,’ LakeSt. Clair. Length 2-3 mm., greatest breadth 1-1.4 mm. 
Very ‘thin and flat. Anterior end tapering, rounded, marked off from 
body by a slight constriction. Posterior end tapering sharply and 
terminating in an acute caudal process. Pharynx large, prominent, 
in middle third of body. Specimens mostly immature; nothing 
definite could be determined regarding the sexual organs. . Color 
of alcoholic material yellowish; very translucent. 


Mesostoma viridatum M. Sch. 


Seven specimens from “ Utricularia-washings, West Twin Lake, Char- 
levoix, Aug. 13, 1894.” A cosmopolitan form, but new to the United 
States. 


* Mesostoma viviparum Silliman. 
“ Old channel, Round Lake, Charlevoix, on alge, July 13, 1894.” 


* Vortex armiger O. Schm. 
New Baltimore, Lake St. Clair, Aug. 6, 1893. 


* Vortex sp.? 

“Round Lake, Charlevoix, dredgings from old channel July 20, 1894. 
Length 0.96 mm., breadth 0.24-0.32 mm. Anterior end truncated 
posterior end pointed. Pharynx dolioform, in anterior 4 of body, 
traversed by two prominent, lateral, nearly longitudinal bands of 
light chocolate color. Zodchlorelle# in central part of body.” 


Microstoma lineare Oers. 


One broken stock from “ Utricularia-washings, West Twin Lake, Charle- 
voix, Aug. 13, 1894.” 

*‘ Qld channel, Round Lake, Charlevoix, July 138, 1894, in chains of 
2 to 4.” 


* Microstoma variabile Leidy. 


“ Alge culture, shore, Charlevoix, July 24, 1894. One specimen: chain 
of four individuals.” 


Microstoma caudatum Leidy. 


Two specimens from “ Utricularia-washings, West Twin Lake, Charle- 
voix, Aug. 13, 1894.” Both stocks consisting of two individuals. 


Museum of Comparative Zodélogy, 
Cambridge, Mass., Jan. 31, 1896. 


*The species marked _ with Ba deeded were not sent tome. Theaccounts given here are from notes 
and drawings by Prof. H. B. 
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REPORT UPON THE MOLLUSCA COLLECTED IN THE VICINITY OF 
CHARLEVOIX, MICHIGAN, IN THE SUMMER OF 1894. 


BY BRYANT WALKER, DETROIT, MICH. 


The molluscan fauna of Charlevoix, is that common to the northern por- 
tion of the lower peninsula, and seems to possess but little that is purely 
local in its nature. As a whole, however, it is distinctly northern in its 
character, as compared with that of the southern part of the state. In the 
terrestrial species this is shown in the occurrence of Vitrina and numerous 
species of Zonitide and Endodontide, to the almost entire exclusion of the 
larger species of Helicide#, which abound further south. While in the 
aquatic forms, the Limnzidx, Physide, and Corbiculide, all of which are 
peculiarly northern in their distribution, form nearly three-fourths of the 
entire number of species. 

The number of species of terrestrial mollusca collected was not as great 
as might reasonably have been expected. This was probably in part due 
to the sandy nature of the soil, which prevails all along the eastern shore 
of Lake Michigan, and partly to the excessive drought which then pre- 
vailed. Of the thirty-one species collected, two—Pyramdula asteriscus 
Mse., and Strobilops virgo Pils.—are interesting additions to the fauna of 
the state. 

The number of fluviatile species collected was sixty-four, of these thirty- 
seven were univalves and twenty-seven were bivalves. 

The following is a summary of the families represented: 
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The most striking feature of this fauna is the large number of species 
belonging to the Corbiculide. Of the nineteen species recognized, no less 
than ten are new to the fauna of the State, and of thése, one (Pisidiwm 
milium Held.) is a European species not before found in this country, 
and seven (Spherium 1, Pisidiwm 6) are probably new to scienee. 

Other interesting discoveries were a small and very fragile deep-water 
form of Limnea stagnalis L. and very small globose Limnea, which may 
prove to be a new form, at High Island Harbor in the Beaver islands; a 
new fossil Limnwa from the mar! deposits in Pine Lake at Charlevoix, and 
the recently described Planorbis bicarinatus Aroostookensis Pils. and P. 
exacutus rubellus Sterki from small ponds in the same vicinity. 

The fauna of Lake Michigan does not seem to differ materially from that 
of the neighboring inland lakes. The apparent scarcity of the larger 
bivalves (Unio, Anodontaand Margaritina) shown in the present collection 
may possibly be explained by the unfavorable conditions which prevail in 
the immediate neighborhood of Charlevoix, owing to the exposed coast and 
rocky bottom in that vicinity, Further and more extended observations 
will be necessary before such a deduction can be made with any degree of 
certainty. | 

This fact, if it be one,-does not, however, play any considerable part in 
the economic features of the fauna which more particularly concern the 
special line of investigation carried on by the Commission. 

It is not probable, owing to their large size and heavy shells, that the 
Unionide afford any considerable amount of fish food. In the earlier 
stages of development, while yet small they no doubt are eaten to some 
extent. 

There is no question, however, but that the smaller species which are to 
be found in great quantities in suitable localities, constitute an important 
item in the food supply of those species of lake fish, such as the whitefish, 
sturgeon, etc., which are bottom feeders. The forms thus utilized, would 
include among the univalves most of the species belonging to the following 
genera: Limncea, Physa, Planorbis, Segmentina, Valvata, Amnicola and 
Bythinella and among the bivalves, the numerous species of Sphceriwm 
and Pisidiwm. 

The following genera were found in the stomachs of whitefish collected 
this last season: 

Amnicola, Valvata, Spherium, Pisidium, Limnea, Physa, Planorbis. 

The great abundance of these small mollusks under favorable conditions 
was well shown at High Island, where a single haul of the trawl over a thick 
growth of Chara brought to surface several hundred specimens of twenty- 
six species belonging to the following genera: 
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Not only are these forms exceedingly abundant, but their bathymetric 
range is also very considerable. Thus Limnawa, Planorbis, Valwvata, 
Amnicola, Spherium and Pisidiwm were found living at adepth of twenty- 
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five metres. Although, in the few instances in which the dredge was 
lowered to a greater depth, no mollusca were obtained, this result can 
scarcely be considered as determinative in this particular. It seems 
probable, however, that the Pisidia range to a much greater depth than 


the other genera. 

(See Rep. U.S. Fish Com. 1872-3, page 707). 
As in other forms of animals, the abundance of molluscan life is 
dependent upon a favorable environment and ample supply of food. All 
of the univalves species found in the great lakes are vegetable feeders, 
while the bivalves live upon the minute organisms (alge) which they 
find floating in the water. An abundant vegetation therefore is a 
prime requisite for any extensive development of a molluscan fauna. 

This interdependence of the various forms of life was very strikingly 
illustrated in the fauna of the various inland lakes in the vicinity of 
Charlevoix. Thus in Pine Lake where, owing to the character of the 
bottom which is almost wholly composed of a fine disintegrated marl, 
except in places where a thin coating of sand has been washed in from 
the shore, plant life is very meagre and stunted in its growth, there 
was a marked scarcity in the mollusca, not only in the number of species, 
but in their individual abundance, While in other lakes when the 
conditions were favorable for a luxuriant vegetation, there was a cor- 
responding increase in the higher forms of life. 

The following is a complete list of the species collected: 
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ERRATA. 


Page 8, line 18, for ‘‘ Reighard, 95,’ -read ‘‘ Reighard, 94”. 
Page 8, footnote, line 2, for ‘‘ p. 250°’ read ‘‘ p. 2597’. 
Page 11, second line from bottom, for ‘‘ p, —’’ read ‘‘ p. 72”’. 
Page 12. line 24, for ‘‘p. —’’ read ‘‘ p. 76”’. 

Page 12, line 28, for ‘‘ Ryder (81)’’ read *‘ Ryder (84)’’. 
Page 16, line 7, after ‘‘ species ’’ insert “ of insects’’. 
Page 17, sixth line from bottom, for ‘‘ Reighard (95)”’ read ‘‘ Reighard (94)’’. 

Page 19, line 15, for ‘*‘ Forbes (82)’’ read *‘ Forbes (83)’’. 

Page 21, line 11 of table, for ‘‘ lustuca ’’ read ‘‘ lustrica”’. 

Page 21, line 15 of table, for ‘‘ Lan.’’ read ‘‘ Lam.”’ ; 

Page 27, line 26, for ‘‘ depedent’’ read ‘‘dependent ”’. ; 
Page 28, second footnote in third and in last lines, for ‘‘ Melonia’’ read ‘' Melosira’’. 

Page 36, last line above table omit the word ‘‘ total ’’. 

Page 37, line 20, for ‘‘ afford”’ read ‘‘ affords’’. 

Page 88, second table in first line, for ‘10.7’ read ‘‘10.0,”’ and for ‘°3.6”’ read ‘' 4. 3”’, 

Page 38, second table in last line, for ‘‘ 19.5118’ read ‘‘ 19.4937”’ 

Page 38, last line, for ‘3.5 per cent’’ read ‘‘ 4 per cent”’. 

Page 43, last table in last column, for ‘‘ 3.98’ read ‘'3,97”’. 

Page 45, line 24, for ‘‘ agreed’’ read ‘‘ agrees’’. 

Page 55, line 8, for ‘‘ Clain’’ read ‘‘ Clair’’. 

Page 55, line 34, for ‘‘ Reighard (93),”’ read ‘‘(94)’’. 
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PLATE II. 
TABULAR VIEW OF STRATAL HavLs wiTH VERTICAL NET, 
A, IN Lake MICHIGAN. 
B, In Rounp anp Prine Lakgs, 


Vertical lines indicate stations, and horizontal lines amount of plankton obtained 

Ieee ee D. Indicates the depth of various stations. 

pues S. Shows the amount of plankton per cubic meter of water in hauls from 
2m. to surface. 


2-5m., the same in haulsfrom 5m.—2m. 
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10-25m., “ ea ay a MEN “  25m.-10m. 
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50m.—bottom, the same in hauls from bottom to 50m. 
? Denotes a doubtful record or observation. 


Further details in text. 
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TABULAR View oF Puankton Hauts In Lake St. Cuatrr. THESE WERE PLOTTED 


FROM RKeEsuLts GIVEN BY REIGHARD, 94, p. 35. 


Stations are indicated by vertical lines; distances or amounts by horizontal lines. 


1 HS SE D. Indicates the depth of the various stations. 

Oe le aa. T. Shows the total amount of plankton obtained in bottom hauls. 

18 fp nate Ns R. The amount of plankton per cubic meter of water for the same hauls, 
a ee ete ee S. The amount of plankton per cubic meter of water contained in the 


surface 1.5m. 

1.5-4.5m. The amount of plankton per cubic meter of water in the stratum 4.5m. to 
1.5m., or bottom to 1.5m. if shallower. 

1 ESET ar B. The amount of plankton per cubie meter of water in the stratum from 
bottom to 4.5m. | 3 


For discussion and explanation see text. 
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